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HANDBOOK OF SUPERSONIC AERODYNAMICS

Volume 5

Section 15

Preface

A general preface to the entire Handbook of Supersonic Aerodynamics
appears in Volume 1. It includes a brief history of the project and an indi-
cation of the organizational arrangements for activities pertaining to this
Handbook. In the winter of 1952-1953 important decisions were made affecting
these arrangements. Since this present section (Section 15) of the Handbook
was prepared principally during the period preceding these recent decisions,
the preface and title page of this issue do not reflect these decisions. In-
stead they apply only to certain details of the present section. It is con-
templated that a new general preface reflecting these recent changes will
appear with the next section that will be issued.

* Volume 5, when completed, will contain the following sections:
Section 13 - Visc.osity Effects, Section 14 - Heat Transfer, Section 15 -
Properties of Gaies, Section 16 - Mechanics of Rarefied Gases. Section 15
is being issued at this time; the remaining sections for Volume 5 will be
issued when completed.

The presently issued version of Section 15 is confined to certain
properties of flow characteristics of atmospheric air only. However, since
the Handbook is being issued in loose-leaf form, the broader title of "Prop-
erties of Gases" is being retained so as to avoid the necessity for changing
the section title when and if a supplement is issued for this section. It
is planned to continue this policy in regard to all other sections of the
Handbook.

Since the publication of Volumes I and 2, the contents of future
volumes in the Handbook series have been changed in accordance with the out-
line set forth on page iii of this Preface under caption: "Contents of Fu-
ture Volumes in the Handbook of Supersonic Aerodynamics Series". The num-
bers in parentheses following the section titles indicate the years in which
the sections are expected to become available for distribution.

The numbering system for Volume 5 is the same as that used in
Volumes 2 and 4.

Agencies and individuals interested in the aeronautical sciences
are invited to submit and to recommend material for inclusion in the Hand-
book; full credit will be given for all such material used. Regarding the
selection of material and the preparation of the volumes in the Handbook
Series, the Applied Physics Laboratory earnestly solicits constructive crit-
icisms and suggestions. Correspondence relating to the editing of the Hand-
book should be directed to

Supervisor, Aerodynamics Handbook Project
Applied Physics Laboratory
The Johns Hopkins University
8621 Georgia Avenue
Silver Spring, Maryland.

Communications concerning distribution of the Handbook should be
directed to

Chief, Bureau of Ordnance
Department of the Navy
Washington 25, D. C.
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Primary Symbols

a velocity of propagation of compressional (sound) waves

a a Beattie-Bridgeman coefficient (cf. Equation 1500.111-2)

A a Beattie-Bridgeman coefficient (cf. Equation 1500.111-2)

b a Beattie-Bridgeman coefficient (cf. Equation 1500.111-2)

b ( 1 +2(U 2 - U1 ) M2
(b 1 + -c) (cf. Equations 1508-4, -6)T2

0b S oNr°)

B or B(T) second virial coefficient

S(= B/M) (cf. Equations 1508-2, -3)

B(O) or a function of 7 (useful in computing the second virial
B(o)(T) coefficient B)

Bn (= (4n!)-1 ][(2n - 1)/41) (cf. Equations 1502.11-4, -6)

B a Beattie-Bridgeman coefficient (cf. Equation 1500.111-2)0

c a Beattie-Bridgeman coefficient (cf. Equation 1500.111-2)
P1 M2

c ( RT (cf. Equations 1508-4, -5)

SCp specific heat at constant pressure

c v specific heat at constant volume

0 specific heat at constant volume - ideal state
vcV

C third virial coefficient

OC degrees Centigrade

D fourth virial coefficient

e base of natural (Napierian) logarithms

E. ienergy of a gas particle in the i-th quantum state

E(r) Lennard-Jones form of intermolecular potential energy

of a pair of colliding molecules (cf. Equation 1502.11-1)

0 f number of pure gas components in a gas mixture

F 0free energy of a gas in the ideal stateFT
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gi degeneracy of the i-th state

HT enthalpy of a real gas

Senthalpy of a gas in the ideal state

k coefficient of thermal conductivity

k a constant useful in computing the second virial coef-
ficient B

k Boltzmann constant
0K degrees Kelvin

M molecular weight

n any whole number from 1 to infinity (1, 2, 3, 4, etc.)
(cf. Equations 1502.11-4, -6)

n total number of moles per gram (cf. Equation 1503.3-3)

n. number of moles of i-th specie in unit mass of a gaseous
1 mixture

N number of molecules in volume considered

Npr Prandtl number

p pressure

r distance between two molecules, center-to-center

r collision diameter for encounters in which two molecules
0 collide with negligible kinetic energy

R gas constant

OR degrees Rankine

ST entropy of a real gas

S empirical constant in Sutherland's viscosity equation

S 0 entropy of a gas in the ideal state

S 0entropy of a real gas under standard sea-level conditions

T absolute temperature

T 273.160 K(OC)

U0  internal energy of a gas in the ideal state at a tem-
0 perature of absolute zero

0 internal energy of a gas in the ideal state

UT internal energy per mole
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u 1 velocity of shock front with respect to the gas on the
low pressure side of the front

V volume of one mole

x mole fraction; also (4/T)1/2 (cf. Equation 1502.11-4, -5)

z (= P/(Po) )

Z compressibility factor (= pV/RT)

$ (= 1 + B2 (P2 - Pl) ) (cf. Equations 1508-4, -7)

y ratio of specific heats (= cp/cv)

A tabular difference

*F gamma function (a mathematical symbol)

E maximum energy of attraction between two molecules

coefficient of absolute viscosity

Ao coefficient of absolute viscosity at standard sea-level

conditions

V coefficient of kinematic viscosity

p density

Po density at standard sea-level conditions

a Riemann characteristic

Ir reduced temperature (= kT/E)

SSubscripts Auxiliary Symbols

F, M pound force (lbF); pound mass (lb.)

i, j, k species of gas in a gas mixture

p, v, s at constant pressure, volume, or entropy

T function of temperature; also at a constant temperature

1 conditions on upstream (low-pressure) side of a shock
wave

2 conditions on downstream (high-pressure) side of a
shock wave

gm, lb, slug gram, pound, or slug molar mass, respectively
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SECTION 15 - PROPERTIES OF GASES

This section of the Handbook of Supersonic Aerodynamics was pre-
pared at the Applied Physics Laboratory of The Johns Hopkins University,
with the cooperation of the Ordnance Aerophysics Laboratory, Consolidated
Vultee Aircraft Corporation, Daingerfield, Texas. The textual matter and
certain portions of the tables of this section are based primarily on the
pioneer work of Professors Joseph 0. Hirschfelder and Charles F. Curtiss
of the University of Wisconsin's Naval Research Laboratory. Other por-
tions of the tables of this section, namely the tables for dry air at
temperatures up to and including 3000 degrees Kelvin, are based on the
pertirent NBS-NACA Tables of Thermal Properties of Gases as compiled by
Mr. Joseph Hilsenrath and colleagues at the National Bureau of Standards
at the suggestion of and with the cooperation of the National Advisory
Committee for Aeronautics.

The majority of the tables that appear in this section were es-
pecially prepared, on digital computing machines, from the aforementioned
tables under the supervision of Dr. E. C. Kennedy of the Ordnance Aero-
physics Laboratory, for initial publication in this Handbook.

1500 Introduction

For most applications in the past it has been found that tables
of the ideal properties of gases, computed with the aid of the perfect gas
laws, have been adequate. In recent years, however, especially in con-
nection with high Mach number supersonic vehicles and high Mach number
supersonic wind tunnels, and also in connection with rocket- and jet-
propulsion systems for subsonic as well as supersonic vehicles, the need
for tables of the properties of real gases in chemical equilibrium at
the extremes of temperature and pressure involved in these new applica-
tions has become increasingly apparent.

This need for new tables is illustrated by the tabulations be-
low for the internal energy of dry air. It is seen that for this case
the dissociation effect is of especial importance at high temperatures and
low densities, and that the gas imperfection (virial) effect is a maxi-
mum at low temperatures and high densities.

Density Temperature Internal Energy (cal/gram)
Ratio ('K) Viria. Dissociation
(p/po) Ideal State Correction Correction

0.006 700 122.55 0.0003 -0.81

1000 181.50 0.0003 -0.83

3000 637.27 -0.00004 319.65

1 700 122.47 0.04 -0.81

1000 181.44 0.03 -0.84

3000 637.29 -0.01 63.82

25 700 120.57 1.00 -0.89

1000 179.88 0.84 -1.07

4 3000 637.76 -0.24 37.86

The symbolism throughout this section is in accordance with the
lists on Symbols Pages 1500-1 to 1500-3 inclusive.
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1500.1 Existing Tables of Real Gas Properties

Many tables exist that record certain properties of various
gases, for example, the "International Critical Tables" (Reference 1)
and Keenan and Kaye's "Gas Tables" (Reference 2).

For present purposes, however, the effects of gas imperfections
and of molecular dissociation upon the properties and flow behavior of
dry and of moist air are of especial interest, and consequently only the
following tables are considered in the present version of this section
of the Handbook.

1500.11 Hirschfelder-Curtiss Tables

Professors Joseph 0. Hirschfelder and Charles F. Curtiss pio-
neered in the preparation of tables of certain properties of both dry
and moist air that took into consideration not only the molecular dis-
sociation of the air components that occurs at high temperatures and low
pressures, but also deviations from the ideal gas state which are of sig-
nificance. These tables for the properties of "real" gases were published
in 1948 as University of Wisconsin, Naval Research Laboratory Reports num-
bered CM-472 (Reference 3) and CM-518 (Reference 4).

1500.111 University of Wisconqin Report CM-472

In the earlier report (CM-472) properties were tabulated for
temperatures up to 700 0 K (1260 0 R) only, and for pressures from 0.01 to
100 standard sea-level atmospheres (this range of pressure was covered
by five values of pressure spaced uniformly in geometric progression with
a common ratio of 1 to 10). Only dry air and pure nitrogen were included.

Since only relatively low temperatures were considered in the
earlier report, there was no need to consider the dissociation effects
that are principally characteristic of high temperatures. Consequently
only the gas imperfections were considered. For pressures of 10 atmos-
pheres and less the virial equation of state was used in the form

RT V V 2 (1500.111-1)

where B, C, .... are functions of temperature (T) and are known as the
second, third, etc. ,irial coefficients respectively (see the preceding
symbols list for s..,,.iificance of the other symbols). For a pressure of
100 atmospheres and whenever the temperature was sufficiently high to
warrant the use of the third and higher virial coefficients, the Beattie-
Bridgeman equation of state was used instead. It is

2V - / B bB A ( 5 0 1 1 2
T (1- T 1 + -- - - T (1500.111-2)

in which the numerators of the various terms in the right-hand member of
this equation are all constants that are independent of temperature as
well as of pressure and volume.

This report includes also a tabulation of a function F from
which the second virial coefficients of air and of the constituents of
air could be calculated. Also, the second virial coefficient and its
temperature derivative (useful for computing certain real properties) were
tabulated for dry air (and for nitrogen) for temperatures up to 720'K only.
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These virial coefficients and the appropriate Beattie-Bridgeman co-
efficients for dry air were then used in conjunction with the basic proper-
ties of air in the ideal state (i.e., the zero pressure, infinite-molecular-
distance state) to compute the properties of dry air in its real state, ig-
noring dissociation effects as previously stated.

1500.112 University of Wisconsin Report CM-518

00 In the later report (CM-518), the temperature range was extended
to 5000-K (9000-R). At these high temperatures dissociation effects may be
considerable. Therefore, there were computed the chemical equilibrium com-
positions of both dry and moist air at the tabulated values of temperature
and density. In computing these compositions, Hirschfelder and Curtiss took
into consideration a total of 26 molecular, atomic and ionic species of
which dissociated air may be composed. One independent parameter used in
the CM-518 tables was density ratio (p/po), where the subscript o indicates

standard sea-level conditions. Six values of the density ratio were used,
ranging from 0.008 to 25 in uniform geometric progression with a common ra-

tio of 1 to 5 (.008, .04, .2, 1, 5, 25). A second independent parameter in
this report, temperature, has an incremental value of 100*K (180 0 R) through-
out the range from 300 to 5000*K (540 to 9000 0 R). A third independent para-
meter used for tabulating the thermodynamic properties in this report was
moisture content. Three values of moisture content, in addition to zero,
were included; namely, 0.5, 1 and 5 mole per cent of water.

Table I of report CM-518 records the results of the computations
of the equilibrium composition of air under the aforementioned conditions of
temperature, pressure and of moisture content. It appears that this table
remains the only comparable table of equilibrium composition values for air
available at the present time.

Also in report CM-518 are tabulations of the thermodynamic prop-
erties (density, internal energy, entropy, specific heats, ratio of speci-
fic heats and velocity of sound) of both dry and moist air, dissociation
and imperfection effects both being considered. In addition, there are ta-
bulations in this report of the values of certain properties that result
when dry and moist air experience isentropic (constant entropy) changes in
temperature, for each of several values of entropy. Also included are ta-
bles of certain properties on the down-stream (high pressure) side of a
normal shock wave corresponding to various combinations of up-stream (low
pressure) temperatures and density, and of down-stream temperatures. These
isentropic and shock front tables remain the only comparable tables avail-
able at the present time. In addition, report CM-518 contains tables for
the viscosity of dry and moist air, and for the thermal conductivity of dry
air as a function of density ratio and temperature.

1500.12 NBS-NACA Tables

Subsequent to the publication of the Hirschfelder-Curtiss tables
described in the foregoing paragraphs, a considerable number of the NBS-
NACA Tables of the Thermal Properties of Gases (Reierence 5) have been com-
piled and distributed. This series of tables, when completed, is expected
to include the properties of about 18 different gases in both the ideal
state and in the natural ("real") state.

The NBS-NACA tables for dry air cover in general a temperature
range from 50 to 30000 K (90 to 54000 R), and the increments in temperature
are smaller than the increments in the Hirschfelder-Curtiss tables; a second
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parameter is pressure, in standard atmospheres - eleven values of pressure
ranging from 0.01 to 100 atmospheres are used and these are grouped into
four series as follows:

.01 .1 1 10
.4 4 40
.7 7 70

1.0 10 100

All of the properties tabulated in these NBS-NACA tables are ex-
pressed in non-dLnensional units, so that for many applications it is neces-
sary to convert to a convenient system of units. A number of conversion
factors are supplied with each of these tables for the convenience of the
user.

The NBS-NACA tables are based on more recent data than the Hirsch-
felder-Curtiss tables for the thermodynamic properties of the various con-
stituents of air, and they are generally considered to be the most reliable
tables available for dry air for temperatures up to 30000 K. Each of these
NBS-NACA tables contains a statement of the reliability of the tables and
also a statement concerning interpolation procedures.

1500.13 University of Minnesota Tables

Professor Newman A. Hall, of the University of Minnesota, has
recently contributed to the engineering literature on this subject with the
publication of a report entitled "Thermodynamic Properties of Air, Nitrogen
and Oxygen as Imperfect Gases" (Reference 6). Professor Hall and his col-
league, W. E. Ibele, first reevaluated the force constants that appear in
the Lennard-Jones formulation of the intermolecular potential, so as to ob-
tain the best possible correlation with the available experimental data.
These values for the force constants were then used in the manner of Hirsch-
felder, Curtiss and colleagues in computing certain thermodynamic properties
of nitrogen, oxygen and air. The results are expressed in British units;
the tables are for temperatures ranging from 100 to 5000 degrees Rankine,
and for densities from 0.02 to 9.00 pounds per cubic foot. The properties
are tabulated as corrections which are to be added to the ideal gas proper-
ties, to allow for the effects of imperfections in the molecules.

Unlike the University of Wisconsin and the NBS-NACA tables, both
of which assume that the gases at high temperatures have become dissociated
to a condition of chemical equilibrium, the Hall-Ibele tables assume that no
dissociation has occurred.

1500.14 RAND Corporation Tables

The RAND Corporation has also contributed to the engineering lit-
erature on the properties of air with the publication of a report entitled
"The Composition and Thermodynamic Properties of Air at Temperatures from
500 to 8000 0 K and Pressures from 0.00001 to 100 Atmospheres" (Reference 7).
This report includes values at fourteen temperatures at intervals of 500*K
and at eight pressures in geometric progression that are multiples and sub-
multiples of 10. The quantities tabulated are the equilibrium composition
in mole fractions, molecular weight, specific total enthalpy above 298.16°K
and specific entropy.

Because of the relatively small effect due to gas imperfections,
these RAND tables - unlike any of the aforementioned tables - take into con-
sideration only the dissociation effect.
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s
1500.2 General Scope of Present Handbook Section

In this section of the Handbook there are presented a number of
tables in which are tabulated certain thermal properties of dry and moist
air for a considerable range of pressure and of temperature that make them
applicable to certain problems of supersonic aerodynamics. These tabula-
tions include tables of the thermodynamic properties (density, enthalpy,
entropy, specific heat at constant volume, specific heat at constant pres-
sure, ratio of specific heats, and velocity of sound), the transport prop-
erties (absolute and kinematic viscosity, and thermal conductivity), mole-
cular weight, second virial coefficient, Prandtl number, dew point, isen-
tropic changes and shock front conditions.

In this section there are also included brief discussions of the
effects of moisture content, dissociation and gas imperfection (virial co-
efficients) upon these thermal properties, and short explanations of the
derivations of the tables for isentropic changes and of shock front condi-
tions.

1500.3 Sources, Units, Parameters and Conversion Factors

Two main sources have been used for the present tables: Report
CM-518 (Reference 4) and the NBS-NACA Tables for Dry Air (Reference 5); in
addition, one table (dew point) was obtained from CM-472 (Reference 3).

Since the tables of this section, as well as those of all other
sections of this Handbook, are intended for use in the design of supersonic
vehicles, all properties tabulated herein are expressed in British Engineer-1
ing Units. In this system of units, the fundamental units include the pound
(lbF) as the unit of force; and the derived units include the slug as the

unit of mass. Length is expressed in feet, Pnd time in seconds or hours.
Also, energy quantities are expressed in foot-pounds (ft-lbF) because of the
convenience of this unit in fluid dynamics.

All data for moist air were obtained from the Hirschfelder-Curtiss
tables. Although much of the data for the dry-air properties reported by
these authors have been superseded by the NBS-NACA tables, the differences* between the Hirschfelder-Curtiss dry-air values and their corresponding
moist air values are presently believed to represent most accurately the
effect of the moisture content upon air. Therefore, the moisture residuals
(moist-air values minus dry-air values) of the thermodynamic properties,
molecular weight, and absolute viscosity are tabulated along with the most
reliable dry-air values. By combining these moisture residuals with the cor-
responding dry air values, the most reliable moist-air value may readily be
determined.

The following table gives detailed information regarding units,
sources, conversion factors, and ranges with intervals for each table in
this section. The conversion factors were derived from the fundamental con-
stants listed in Table 1.30 of the NBS-NACA series (Reference 8).

0
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(a) The sources listed are tables from reports CM-472 (Reference 3), CM-518
(Reference 4), and NBS-NACA tables (Reference 5). When both an NBS-
NACA table and a CM-518 table are listed as sources for a single Hand-
book table, the data for dry-air below 3000*K have come by conversion
from the NBS-NACA tables, and the data for dry-air above 30000 K, and
all moist-air data, have come by interpolation and conversion from the
CM-518 tables.

(b) CM-518, Table III, lists internal energy UT to which pV must be added
to obtain HT-

(c) CM-518, Table IV, lists entropy (ST - So), where So is entropy at one

atmosphere standard sea-level pressure and 273.16.K. To obtain S, th
following values for So are added to (ST - S 0 ), and the conversion f:

tors are then applied to the results.

Table IVa 1.6191 Table IVc 1.6276

Table IVb 1.6233 Table IVd 1.6592

(d) All tables are functions of temperature. The notation a(b)c(d)e, for
example, means that the overall range is from a to e, with intervals
of b between a and c, and intervals of d between c and e.

(e) 50 (10) 800 (50) 3000 (100) 5000

(f) 50 (10) 800 (50) 3000 (100) 4800

(g) 100 (50) 200 (100) 600 (200) 1600, 2000, 3000, 5000

(h) 273.2, 300 (100) 5000

(i) These quantitieq,which are functions of pressure, list values from 0.01
to 100 standard sea-level atmospheres, and these are grouped into four
series as follows:

0.01 0.1 1 10
0.4 4 40
0.7 7 70
1.0 10 100

(j) These quantities, which are functions of moisture content, list values
for mole percentages of moisture of 0.0 (dry air), 0.5, 1.0 and 5.0.

(k) A third parameter of the Isentropic Changes table is entropy, ranging
from 0 to 1.6 cal/gm 0K (above the entropy at zero degrees absolute
temperature).

(m) Parameters of the shock table, in addition to moisture content and the
downstream parameter of temperature, are the upstream conditions of
density ratio (.008 and 1) and temperature (273.2*K for all moisture
values, in addition to which temperatures of 175 and 500*K are used for
the dry air table).
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1501 Composition of Air

The composition of dry air under standard sea-level conditions of
temperature and pressure, as used in this Handbook section, is identical to
that used in the Hirschfelder-Curtiss tables and the NBS-NACA tables. This
in turn was derived from the composition as recorded by Humphreys (Reference
9) and reproduced in Volume 1, Section 3, of the present Handbook (Reference
10). Unfortunately Humphreys' values for percentage composition by volume
and those of his predecessor Paneth (Reference 10, Table 3-1) do not add to
exactly 100 percent; therefore, Hirschfelder and Curtiss adjusted the per-
centages of the various constituents so that they would be consistent and
their sum would be exactly 100 percent. Then. to simplify the computations,
the trace of krypton was replaced by an equal amount of neon, with the re-
sults as shown in the following table. This table also lists the molecular
weights of the individual constituents and it shows that the combining of
these values leads to a value of 28.966 for the molecular weight of dry air
under standard sea-level conditions.

COMPOSITION OF DRY AIR UNDER STANDARD SEA-LEVEL CONDITIONS

(1) (2) (3) (4)

"Mole Fraction"
(Fractional Composition Molecular

Constituent by Volume) Weight (2) x (3)

Nitrogen (N2 ) 0.780881 28.016 21.87716

Oxygen (02) 0.209495 32.000 6.70384

Argon (A) 0.009300 39.944 0.37148
Carbon Dioxide (CO 2 ) 0.000300 44.010 0.01320

Neon (Ne) 0.000019 20.183 0.00038

Helium (He) 0.000005 4.003 0.00002

Totals 1.000000 28.96608

In addition to dry air, Hirschfelder and Curtiss considered also

three samples of moist air containing 0.5, 1.0 and 5.0 mole per cent of
water. For each sample of moist air under standard sea-level conditions,
the mole fraction of each constituent as tabulated in column 2 of the fore-
going table is decreased by the mole per cent of moisture for that sample
(e.g., for 5 percent moisture the mole fraction of every constituent other
than water is 0.95 of that listed in this table, and the mole fraction of
the moisture content is 0.05; therefore, the sum of the mole fractions is
unity). When this is done, the mole fractions become as tabulated below:

H20 0.050000

N2  0.741837
02 0.199020

A 0.008835
Co2  0.000285

Ne 0.000018

He 0.000005

1.000000
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From these mole fractions a computation like that of the preceding table
gives a molecular weight of 28.41859 (say, 28.419) for moist air with a 5
per cent water content at standard sea-level conditions.

When the mole fractions, such as those tabulated above, are divi-
ded by the molecular weight of the mixture (moist air, for example), one ob-
tains the number of moles of each specie in a unit mass of the mixture. This
is the quantity that Hirschfelder and Curt 4 ss have computed for dry and
moist air, and designated by the symbol ni.

At temperatures and densities other than standard sea-level values,
Hirschfelder and Curtiss have determined the effect of dissociation under
conditions of chemical equilibrium, and the resultant values of n. are tabu-
lated in Table I of Reference 4. This table is considered basic Ind as such
it has been used by Dr. Wm. S. Benedict at the National Bureau of Standards
in computing the properties of air as tabulated in the NBS-NACA tables. Al-
though this table is unique and basic, it is not reproduced here because of
its length (48 pages of closely-typed figures).

There is included in this section of the Handbook, however, a
table that reflects the dissociation effects in terms of the molecular weight
of the air mixtures. These molecular weights are computed by taking the re-
ciprocal of sum of the n. values that are tabulated in Table I of Reference
4, and they are listed in Table 1510.01 of this Handbook.

The molecular weights tabulated in Table 1510.01 should be useful
in computing certain properties on the down-stream (high-pressure) side of
shock waves corresponding to other combinations of up-stream (low-pressure)
conditions than are listed in this section of the Handbook.

Since the Hirschfelder-Curtiss tables had density ratio (p/po) as
an independent parameter and the present Handbook table was to have pressure
as the independent parameter, interpolation was necessary. The procedure
for this is exactly as described in subsection 1503 for the conversion of
the thermodynamic properties.

In a number of instances the molecular weights of Table 1510.01 do
not agree perfectly with the values for the individual components as reported
in Reference 4. This is because errors (probably typographical) were dis-
covered in the Reference 4 tables, and corrections were then made before com-
puting the final values for this Handbook.
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1502 Gas Imperfections

After the experimental techniques were improved so as to result
in sufficiently accurate measurements, it was learned that gases in general
do not accurately obey the perfect gas law relating pressure, volume and
temperature (pV/T = constant). Since that time many empirical and semi-
empirical "equations of state" have been proposed to represent the p-V-T
relationships that exist for the "real" or "imperfect" gases. Among the
better known equations of this type are the van der Waal and the Beattie-
Bridgeman equations. However, all such equations suffer from their limited
range of applicability, and also from the fact that the constants in the
equations have at best only a qualitative theoretical significance. The
virial equation of state is free of these shortcomings because it is based
on a sound theoretical foundation; it can be derived from the kinetic the-
ory of gases. Hence it has the added advantage of furnishing quantitative
information about the nature of the intermolecular forces.

1502.1 Virial Equation of State

Several forms of fhe virial equation of state exist, but in this
Handbook only the form in which the compressibility factor (Z = pV/RT) is
expressed as a power series of the reciprocal-volume is used. This virial
equation is then

RT = I+B + - + .... (1502,1-1)RT V 2 '
V V

where R is the gas constant and the numerators (B, C, D....)* of the re-
ciprocal-volume terms are known as the second, third, fourth .... virial
coefficients. Each pure or elementary gas (e.g., nitrogen or oxygen) has
its set of characteristic virial coefficients, which depend parametrically
upon the intermolecular potential of that species of gaseous molecules; and
these coefficients are also functions of the temperature. The virial coef-
ficients (B, C, D .... ) represent, respectively, the deviations of the gas
from non-ideality, resulting from two, three, four .... body collisions and
from the inclusion of a more accurate estimate of the intermolecular forces
(Reference 11).

1502.11 Virial Coefficients

For a particular pure gas the dependence of the virial coefficients
upon the intermolecular potentials may be derived from the Lennard-Jones form
of the potential function

E(r) = 4E (1502.11-1)

where the first term of the right-hand member represents the mutual repulsion
that exists when the molecules are very close together, and the second term
represents the mutual attraction experienced for relatively large distances
of separation.

Lennard-Jones has also shown, when his form of the potential func-
tion is used, that the second virial'coefficient B(T) can be evaluated Ly a

These virial coefficients are not the same as, but are related to, the
virial coefficients that apply when the compressibility (pV/RT) is ex-
pressed as a power series of pressure, or of density, etc.



NAVORD REPORT 1488 (Volume 5) HANDBOOK OF SUPERSONIC AERODYNAMICS

1502.11-2 Properties of Gases 1 August 1953 0
process that involves an infinite series of gamma functions. More specifi-
cally B (T) can be calculated from

B(T) = b0 B(o) (r) (1502.11-2)

where

b 2Nro
3

o 0 (1502.11-3)

kT

and

B(o)(-)= x1/ 2  Bxn = x1/2 B xn (1502.11-4)
nl=o n [(4) =

where
1/2

(1502.11-5)
and

Bn = (4n')- 1 F [(2n - 1)/4] (1502.11-6)

Lennard-Jones in 1924 published B(o)(T) for only a few values of T
(Reference 12); more recently (in 1950) Professor Hirschfelder and colleagues
at the University of Wisconsin made these computations for 82 values of the
reduced temperature r, in the range from 0.30 to 400. These values are re-
corded in References 3 and 11; and the first, second and third temperature
derivatives of this second virial coefficient are also recorded in Reference
11.

In order to increase the utility of these second virial coeffi-
cients as functions of T, the Thermodynamics Section of the National Bureau
of Standards has subtabulated, for over 500 values of r, the results of the
original University of Wisconsin computations in the range from 0.30 to 50
(Reference 13).

The second virial coefficients for dry air from 50 to 720*K were
calculated by the University of Wisconsin group, and are recorded in Refer-
ence 3 (Table X). These computations were extended by the National Bureau
of Standards group to cover temperatures to and including 30000K for use in
the preparation of the NBS-NACA Tables of Thermal Properties of Gases. For
dry air, the National Bureau of Standards used, on the basis of the latest
reliable data, the following values for computing the second virial coeffi-
cient:

S= 101.169 0 K

bo =59.13 cc/mol

The NBS values listed above for dry air have been used, in con-
junction with the NBS subtabulation of the University of Wisconsin values

for the function B(°)( r), to compute values of the second virial coefficient
of dry air at temperatures up to 50000 K. These values are tabulated in Table
1510.02 of this Handbook section and they should prove useful in computing
certain real properties of dry air not tabulated in the present Handbook.

The third virial coefficient for dry air was computed by both the
University of Wisconsin and the National Bureau of Standards groups. Both
groups found that the effect of the third and higher virial coefficients 0
is extremely small within the ranges of temperature and pressure used. Con-
sequently only the second virial coefficients are tabulated in this Handbook
section.
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For a gas mixture (e.g., air, a mixture of several elemental gases
as discussed in Subsection 1501) of f components, the virial coefficients
are related to the corresponding coefficients of the constituent gases by
equations of the form:

f f
i=l jl Z i Xhj (1502.11-7)

f f f
Cmixture = zjZ Z Cijk xi xj xk (1502.11-8)i=l j =I k=l

Consequently, in order to compute the virial coefficients for a mixture of
elemental gases, it is necessary that force constants for dissimilar mole-
cules be known. J. 0. Hirschfelder and colleagues have demonstrated the
adequacy of the following relationships for the force constants, and these
have served as the basis for the tables that have been used in preparing
the present Handbook section:

(r) ij = 1/2 [(ro)i + (ro)j] (1502.11-9)

= -. (L (1502.11-10)i k k)
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1503 Thermodynamic Properties

The thermodynamic properties of air tabulated in the present Hand-
book section are density, enthalpy, entropy, specific heats, ratio of spe-
cific heats and velocity of sound. The three independent parameters for
which these are given are moisture content, temperature and pressure.

As stated in a foot-note to the table in Section 1500.3, the ther-
modynamic properties of dry air up to 3000*K were obtained from the NBS-
NACA tables (Reference 5); the dry air data from 3000 to 5000*K and the
moist air data at all temperatures were obtained from the Hirschfelder-
Curtiss report CM-518 (Reference 4). Since the CM-518 report used density
ratio (p/po) as an independent parameter, and it was desired to use pres-

sure instead of density ratio for the present Handbook tables in accordance
with usage in the NBS-NACA tables, an interpolation process was necessary.
For maximum accuracy a six-point uneven-interval Lagrangian interpolation
equation (Reference 14, page 29) was chosen. The coefficients for this
equation were determined using the pressure-density table in report CM-518,
and with the aid of these coefficients, all of the thermodynamic tables
and the composition table were interpolated to give pressure as an inde-
pendent parameter. The interpolation was done with the aid of digital
computing machines under the direction of Dr. E. C. Kennedy at the Ord-
nance Aerophysics Laboratory, Daingerfield, Texas.

The effect of moisture on all thermodynamic properties is indi-
cated by a tabulation of moisture residuals as described in subsection
1500.3.

1503.1 Density

The pressure-density table in report CM-518 contains a tabulation
of pressure as a function of temperature and density ratio so that interpo-
lation was necessary to make pressure instead of density ratio the indepen-
dent parameter. The interpolations are based on the logarithm of pressure
and a factor z (= p/(p/po) in order to reduce the inaccuracies that would

otherwise result due to the wide variations in pressure and density ratio

i that exist in report CM-518. The values used far po are as follows:

Moisture P0
(Mole Per Cent) (slugs/ft 3 )

0 0.00250885
0.5 0.00250497
1 0.00249915
5 0.00246229

The Handbook tabulations for density as a function of temperature
and pressure are listed in Table 1510.03 which is based on the pertinent
NBS-NACA table (Reference 5a) and the University of Wisconsin tables (Ref-
erence 4).

1503.2 Enthalpy

The internal energy of an elementary ("pure") gas, UT, in the

ideal gas state (sometimes referred to as the "zero-pressure" state) is a

function of temperature only. The amount by which UTdiffers from U (ga
T 0

in the ideal state at zero absolute temperature) may be calculated from
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statistical mechanics (cf. Reference 15) using the equation

0 - U0 = RT2 d - n ( (1503.2-1)UT 0of

where Ei is the energy of the gas particle in the i-th state and gi is the

degeneracy of that state (both determined by spectroscopic means); and the
other symbols are as indicated in the list of symbols (Symbols Pages 1500-1
to 1500-3). For certain of the constituents of air the National Bureau of

Standards has computed unpublished values of UT - U0 using the most reli-

able basic data for the properties in the i-th states. Since the enthalpy
0 for the "pure" gas in the ideal state is also a function of the tempera-

"i ~0
ture only, its magnitude above the internal energy U0 may be determined by
means of the relation

HTO- Uo = (UT - Ut) + RT (1503.2-2)

Values of 0 - U 0 for molecular nitrogen (N2 ), molecular oxygen (02), car-

bon dioxide (CO 2 ), carbon monoxide (CO), molecular hydrogen (H 2 ), nitrogen

dioxide (NO2 ), atomic nitrogen (N), atomic oxygen (0), argon (A), helium

(He) and atomic hydrogen (H) have been tabulated as a function of tempera-
ture by Mr. Harold W. Wooley in the NBS-NACA tables of thermal properties
of gases.

Values of U0 - U0 for certain other constituents of air are listed
T o

as a function of temperature in Reference 16.

The internal energy 0 - U0 for a mixture of gases in the idealUT o
state, assuming the internal energy of mixing is negligible, is given by

U0 -U 0 = En U -U)UT o ni (1503.2-3)

where U0 - U0 is a function of pressure and temperature as a result of de-
T 0

pendence of ni on pressure and temperature due to dissociation effects.
(U0 - U0 )i is the energy per mole of the i-th species.

i 01

There are tabulated in Reference 16 values for the internal ener-
gy U0, in the ideal gas state at zero absolute temperature, for certain con-
stituent components of air (based on the arbitrary set of reference values
which assign the value zero to Uo for N., 0 H A and He). A more com-

0 2 2' 2'
plete compilation of recent values is given in Reference 8.

The value of the internal energy U0 of a mixture of gases in the
ideal state at zero-absolute temperature, assuming negligible internal ener-
gy of mixing, may be computed by

U0= ýn (Uo) (1503.2-4)

where U0 is a function of temperature and pressure through the dependence
0

of n. on pressgre and temperature due to dissociation effects, and (U o ) i is
the 4alue of U for the i-th species. 0

0
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The effect of gas imperfections, a, revealed by the virial equa-
tion of state, can be computed with thf aid of the classical difýerential
equation of thermodynamics for the change of internal energy with specific
volume, at crwnstant temperature, thus

(Ou ~ pOT)v -(1503.2-5)

Multiplying through by (dV)T, making substitutions from the virial equation

of state with all terms beyond the third virial coefficient ignored, and in-
tegrating between the limits of V and infinity, gives

o_ RT2 ( dB 1q -6)
U- UT V . +L 2V d- (1503.2-6)

for the effect of gas imperfections upon the internal energy of a gas. The
second term of this equation is negligible for air within the range of tem-
peratures and pressures involved here.

The internal energy of the real gas UT, taking into account both

dissociation effects and gas imperfection effects, can be readily deter-
mined by

0

U (UT - U0) + (U - U0) + Uo (1503.2-7)UT (U i+ U o

UT is the internal energy at temperature T of the actual gaseous mixture a--

bove that of the energy of the elements in their standard states at zero ab-
solute temperature. This arbitrary base is the same as that which assigns
values of Uo = 0 to molecular nitrogen, molecular hydrogen, molecular oxygen,
argon and helium. Values of U may be found in the Hirschfelder Report CM-
518 (Reference 4). The enthalWy, HT, may be calculated by the expression
HT = UT + pV.

The NBS tables, when used with a suitable conversion factor, give
values for (HT - Ug), the enthalpy of a gas above an arbitrary energy level

Uo. This U is defined as the ideal energy of the air at zero absolute tem-
perature based upon a composition of the air mixture corresponding to a low

temperature and is, therefore, an arbitrary constant affixed to each value of
enthalpy (Reference 5b). The difference between the NBS NdLues and the

Hirschfelder values is the arbitrary constant U° = -4.38 x10 4 ft lb /slug.
oF

Table 1510.04 of this Handbook tabulates values of HT - Uo in the
0

temperature range up to and including 3000*K, and HT in the temperature range
above 3000 and up to 5000 0 K.

1503.3 Entropy

The entropy of a pure gas does not approach a limit at zero pres-
sure (Reference 16, Equation 57, and Reference 8, page 0-4). Consequently,
it is not feasible to define the ideal state for entropy in terms of the
"zero-pressure" condition as it is for enthalpy, and instead S0 is arbitrar-

ily defined as the entropy at a pressure of one standard sea-level atmosphere.
According to statistical mechanics (cf. Reference 15), So may be calculated by
the following equation
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E. E._ 1_l

0=R (1 -Rin N) + RT -4 in gie kT + R in L ge k (1503.3-1)
T i

where N is the number of molecules in the volume V under consideration, and
the other symbols have the same meaning as in sub-section 1503.2.

The values of the ideal entropy for molecular hydrogen (H 2 ), the

hydroxyl radical (OH), molecular oxygen (02), and carbon moxoxide (CO) -
0

based on the arbitrary reference level which assigns S0 = 0 to each pure

constituent at 1 atmosphere of pressure and 0 degree absolute temperature
(cf. Reference 3) - are tabulated as functions of temperature in Reference
23. More recent values for these four constituents and for CO 2 appear in

the NBS tables of Reference 17. Additional values of ST for certain pure

gases are tabulated in RAND Report RM-149 (Reference 7).

For those constituents of air for which ST has not been published,

values of S0 can be obtained by use of the equati.on
T

U0  - U0  F0 - U0ST T - o T + R (1503.3-2)
T T T

where F is the ideal free energy of the constituent at temperature T in the

ideal state (defined as one atmosphere of pressure - Reference 8, page 0-4).

The ideal entropy for a mixture of gases (e.g., air) assuming
Dalton's Law of partial pressures holds, is given (cf. Reference 16) by:

(Fo U)n.
soU -- n ( 0  U + R 0 ni - R R n in I p

T 0 T R1
ST - -- ni

(1503.3-3)
where S0 is therefore a function of temperature and pressure as before (cf.
1503..)T

The increment of entropy due to gas imperfections, as represented
by the virial equation of state, can be computed with the aid of

S - 5 0 R In p - ET dB - R ( 2 - C + T- (1503.3-4)
ST ST RInp V dT 2V2

The absolute entropy, S of a real gas mixture, taking into ac-

count both dissociation effect and gas imperfections, is then determined by

ST = (ST- sT) + so (1503.3-5)

If this absolute entropy for a gas mixture at 1 atmosphere pres-
sure and a temperature of 273.16 K (OC) is designated So, then ST - SO0 can

readily be determined. It is this value that is tabulated in the University
of Wisconsin report (Reference 4).

Table 1510.05 of this Handbook lists values of the absolute entro-
py of the real gas mixture (air), taking into account dissociation and gas
imperfection effects. This Handbook table is based on both the NBS-NACA
tables (Table 2.22/2 of Reference 5b) and the University of Wisconsin tables
(Reference 4), as previously described.
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1503.4 Specific Heats

1503.41 Specific Heat at Constant Volume

The specific heat at constant volume of a pure gas, or a mixture
of pure gases, is given by the thermodynamic relationship

v = a ~v(U (1503.41-1)

When the virial equation for imperfect gases (Equation 1500.111-1)
and Equation 1503.2-6 are combined with the foregoing equation for cv (Equa-
tion 1503.41-1), the following equation is obtained:

c =c(9 T RT A d d 1 qC + T 2 (1d2v v V dT V dT 2V 7' 1503.41-2)

The specific heat at constant volume of the real gas is tabulated
in Table V of Reference 4. The NBS-NACA tables do not tabulate this prop-
erty; however, the NBS-NACA tables do include values for the specific heat
at constant pressure, ep, and for the ratio of the specific heats,

7 = Cp/cv, and from these two values cv can be computed.

Table 1510.06 of this Handbook contains values of cv for dry air

up to and including 3000 0 K that are derived by simple division from the NBS-
NACA tables referred to in the foregoing paragraph. Values of cv of dry all

at temperatures above 3000*K, and the increments for all moisture contents,
are taken from the University of Wisconsin tables, after interpolation as
previously described.

1503.42 Specific Heat at Constant Pressure

Specific heats at constant pressure, Cp, are best obtained from

the specific heat at constant volume, cv, by the classical thermodynamic
* relation

C- T

c cv ()T(1503.42-1)ROTv

Combining the virial equation of state (Equation 1500.111-1) with
this equation, there results

1
1 + dC

+ [ 3 ( TB) T9B+ C + 2 (1503.42-2)

c - c =2RB
p Cv R

~ V2

Combining the results obtained with this equation, with those of the pre-
ceding subsection, one obtains cp by

cp = (cp - cv) + cv (1503.42-3)
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Values of c for "real" air are tabulated in Table 1510.07, and aey are
based on the pertinent NBS-NACA tables (Reference 5c) and the University of

Wisconsin tables (Reference 4).

1503.43 Ratio of Specific Heats

The ratio of the specific heat at constant pressure, c , to the

specific heat at constant volume, cv, is termed the "ratio of specific heats"
and is designated y. That is

S= Cp/cv (1503.43-1)

These ratios of the specific heat values for the real gas (air, ith disso-
ciation and imperfection effects considered), as taken from the ertinent
NBS-NACA tables (Reference 5d) and the University of Wisconsin t bles (Ref-
erence 4), are tabulated in Table 1510.08.

1503.5 Velocity of Sound

The velocity of propagation, a, of compressional (sound) waves of
infinitesimal amplitude and low frequency is given by the thermodynamic
equation

a [op ( 11/2 (1503.5-1)

Making use of another thermodynamic equation

C9 "/ (-0-)T (1503.5-2)

and the relation

p =.M/V (1503.5-3)

it follows that

a = (1503.5-4)

Combining with this the virial equation of state (Equation 1500.111-1) one
obtains

M=VI (1+ -).7 (1503.5-5)

Table 1510.09 of this Handbook is taken from the corresponding
tables of the NBS-NACA (Reference 5e) and University of Wisconsin (Refer-
ence 4) which in turn are based on Equation 1503.5-5.
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1504 Transport Properties

The class of phenomena due to the transfer of mass, energy, or
momentum across any given surface or interface as a result of molecular or
electronic agitation is termed "transport phenomena". Among the principal
transport phenomena are viscosity, thermal conductivity, and diffusion.
Aerodynamic drag and aerodynamic heating effects are influenced especially
by the first two of these transport properties, and consequently tables of
viscosity and thermal conductivity coefficients for air are included in
this section of the Handbook.

1504.1 Viscosity

Sutherland's empirical equation for the variation with tempera-
ture of the absolute viscosity coefficient M is

*= (T)3/, (To + S) (1504.1-1)

In the NBS-NACA Table for Viscosity of Dry Air (Reference 5f),

the formulation is based on a value of jo = 1716 x 10-7 gm cm-1 sec-1

(3.584 x 10-7 slugs ft- 1 sec- 1)at a temperature of 0°C (32*F).

Using the former value for oL, and a value of 110.4 for the em-

pirical constant, S, the Sutherland formula takes the form

T3/2 Km (1504.1-2a)S= 145.8 T+ 110.4' cm sec

where T is expressed in degrees Kelvin. Or using the latter value for Ao
and a value of 198.7 for S, the Sutherland formula becomes

T2.270 x 10 8  T3/2 slugs (1504.1-2b)
T + 198.7' ft sec

where T is in degrees Rankine. Equation 1504.1-2a is the basis for the NBS-
NACA Table 2.39/1, of Reference 5f, which is reproduced after conversion in
Table 1510.10a of this Handbook.

Hirschfelder and associates at the University of Wisconsin have
made calculations of the transport properties of air according to the. rig-
orous theory, (Reference 18), and based upon the Lennard-Jones potential
referred to in Subsection 1502.1. It is found that the quantum mechanical
effects upon these transport properties are usually negligible, and this
is the case for air. Moist air is included in their calculations, and the
results are presented in Table XI of Reference 4, and in Table 10.5-4 of
Reference 18. Table 1510.10b of this Handbook is based upon this Hirsch-
felder table.

The coefficient of kinematic viscosity P, defined by

P= L/p (1504.1-3)

and given in Table 2.39/2 of Reference 5f is also reproduced after conver-
sion in Table 1510.10c of this Handbook.
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There is a small variation of viscosity of dry air with pressure,
but the data are fragmentary and contradictory. Reference 5f records two
empirical equations that have been proposed for dry air at 14 0 C (57.2°F)
and at 200C (680F). They are, respectively, as follows:

x17,gm (1504.1-4a)

A14= 1856 + 2.95 (p - 70) 1-7 cm see

or

53876 + 6.16 (p - 70) X 10 10 slugs (1504.1-4b)

and

0 1819.2 + 11.88p + 0.0128p 2 ] x 10-7, gm (1504.1-5a)

or
o68= [3800+ 24.81p + 0.0267p 2 ] x 10-10, slugs (1504.1-5b)

where .p is the absolute pressure in atmospheres.

1504.2 Thermal Conductivity

The empirical equation for the coefficient of thermal conductiv-
ity for CO 2 -free dry air, k, that is used in the NBS-NACA table of Refer-
ence 5g is 0.6325 x 10-5 T1/2 cal

I +x245.4 10-12/T' cm sec K (1504.2-la)
T

or 
1.5964 T1/2 ft lbwt

1+ 441.7 x10-21.6/T ' ft hr R (1504.21b)

This equation is the basis for Table 2.42 of the NBS-NACA series (Reference
5g), on which Table 1510.11a of this Handbook is based.

By means of the simple kinetic theory for gases, one obtains a
direct proportionality between the coefficient of conductivity, k , and the
absolute viscosity, g. Experimentally, this relationship is confirmed for
monatomic gases for which the energy is all due to translational degrees of
freedom; significant deviations from this relation are observed for poly-
atomic gases. To take into account approximately the transfer of energy be-
tween translational and internal degrees of freedom (Reference 18) for poly-
atomic molecules, Euken proposed an equation which in modified form becomes
(Reference 4)

k = j (cv + 9 R (1504.2-2)

Because M and cv are involved in this equation, it is clear, when dissocia-

tion effects are considered, that the thermal conductivity of a polyatomic
gas is a function of both temperature and pressure. This equation is the
basis for the thermal conductivity values listed in Table XIa of report
CM-518 (Reference 4) from which table 1510.11b was compiled for this section
of the Handbook.
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1505 Prandtl Number

A dimensionless property that is involved in heat transfer calcu-
lations is the "Prandtl Number", designated by the symbol NPr' This Prandtl
number is defined by

N Pr k p(1505-1)

where, of course, the three properties on the right must be expressed in
consistent units. Since the Prandtl number usually enters into heat trans-
fer calculations as an exponential factor, with one of several exponents,
there is included here an abbreviated list of Prandtl numbers along with
three different pcwers that cover fairly well the range of exponents used
in practice. These exponents are: 1, 2/3, 1/2 and 1/3.

The values for Prandtl numbers of dry air that appear in this Hand-
book (Table 1510.12), for the range from 110 to 1000*K, are taken from NBS-
NACA Table 2.44 (Reference 5h). The values listed are for a pressure of one
atmosphere only.

1506 Dew Point

The dew point of air (that is, the temperature at which a liquid
phase of one of the constituents of air first appears as the temperature is
lowered) is of interest especially in connection with high-supersonic wind
tunnels. (The enormous expansion involved in the production of very high
Mach number flow results in cooling to extremely low values.) There is re-
produced here a table (Table 1510.13) of the dew point properties of air at
each of several temperatures ranging from 70 to 130°K in increments of 10*K.
The dew point Droperties listed are: pressure (p), density (p), enthalpy
(HT-U0), and entropy (S). The values listed here are reproduced from the

University of Wisconsin report CM-472 (Reference 3) which in turn is based
on the tables of Landolt-Bronstein (Reference 19), and on data for pure N2

and 02, on the assumption that both the liquid and gas phases obey Roault's
* Law.
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1507 Isentropic Changes

In the case of the "perfect" gases whose behaviors are accurately
portrayed by the perfect gas laws (e.g., pV/T = constant), it is a simple
matter to derive and use equations that are simple in form, and that will re-
present the changes that occur during isentropic (i.e., constant-entropy) ex-
pansions or compressions. However, for the "real" (imperfect) gases it is
not possible to derive simple equations that are applicable to isentropic
changes. For this reason there were prepared by Hirschfelder and Curtiss a
number of constant-entropy tables for air which are representative of the in-
finite variety of isentropic changes that are possible. These tables were
prepared from the original tables of properties of air that appeared in
References 3 and 4, and although they are therefore not precisely consistent
with the more recent values of the various properties tabulated in this Hand-
book for temperatures up to 3000*K (5400*R), they are nevertheless the basis
for the tables of constant-entropy changes (Table 1510.14) that appear in
this Handbook, because no consistent tables are available. Table 1510.14
is identical to the corresponding tables of References 3 and 4, except for
the conversion from metric to British Engineering units.

Five-point Lagrangian interpolation techniques were used by Hirsch-
felder and Curtiss first in determining the value of density-ratio (p/po)

corresponding to the chosen value of entropy and of temperature. Because
logarithms of the density ratios give a uniform spacing for interpolation,
they were used to increase the accuracy of the resulting values. After the
values of P/Po were determined, the same interpolation procedures were ap-
plied to the determination of the corresponding values of pressure, inter-
nal energy and velocity of sound, all of which are also tabulated in Table
1510.14.

In addition to the properties enumerated above, there are also in-
cluded in Table 1510.14 values for the Reimann characteristic a defined by

P

where the integration is performed for constant entropy conditions. Since
P1 is arbitrary, the Riemann Characteristic thus computed is obviously re-

ferred to an arbitrary level. In the Hirschfelder-Curtiss tables reproduced
here, the arbitrary level is chosen so that a = 0 at a temperature of
273.160K (0°C or 32°F).
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1508 Shock Front Conditions

In the case of the "perfect" gases it is a simple matter to com-
pute the properties on the opposite sides of a normal shock wave. In Sec-
tion 5 (Volume 2) of this Handbook, there are recorded nine equations re-
lating such properties. These equations are based on the assumption that
the ratio of specific heats Y(= C /C ) remains constant throughout the pas-
sage of the shock wave. V

Table 1510.08 of the present section reveals that the ratio of
specific heats does not remain constant when pressure, density, tempera-
ture, etc. change. Therefore, it is apparent for strong shock waves in
which the various properties vary widely, that more realistic results can
be obtained only if the change in properties across the shock wave is
taken into consideration.

By means of the three basic equations representing conservation
of mass, momentum and energy, it can readily be shown that the pressures,
densities, and internal energies on the two opposite sides of a normal
shock wave are related by the equation

2(U 2 -U) (1508-1)
Pl + P2 1 1 (581

P1 P2

where the subscripts 1 and 2 represent conditions on the upstream and
downstream sides of the shock wave, respectively.

Omitting virial coefficients above the second, the equation of
state (Equation 1500.111-1) can be written

p _= (1 + iip) (1508-2)PM

where M is the molecular weight of the air at fhe state specified by p, V
and T; R is the gas constant for air, and B = . (1508-3)

Combining Equations 1508-1 and 1508-2 one obtains

Pl 2f b + + 4Pc (1508-4)

where
_Pl M2

c = (1508-5)
P1 RT 2

bl+ 2(U 2 - U1 ) M2 - c (1508-6)

RT 2

= 1 + B2 (P 2 - Pl) (1508-7)

Hirschfelder and Curtiss, in the University of Wisconsin Report. CM-518 (Reference 4), present a table of shock front conditions that is
based on Equation 1508-1. A recursive method as briefly described in the
following was resorted to in solving this equation:
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First select arbitrary upstream conditions. For example, se-
lect values for T 1 and p 1 /Po. These values fix the value of p1 and U1

(cf. Tables 1510.03 and 1510.04).

Also arbitrarily select a value for the down-stream terpera-
ture T 2 (greater than T 1 ). There remains the problem of finding a con-

sistent set of values for p2 , p2 , U2, M2 and B2 that will satisfy Equa-

tion 1508-1.

By any one of several methods a "first-guess" value of the

density ratio p 2 /p, across the shock front is selected. Then by a

suitable interpolation procedure the corresponding values of M 2 and

U2 are determined with the aid Qf Tables 1510.01 and 1510.04. With

these values for T 2 , P 2 ) U2 ) XM2 andl 2 compute the values of c, b and

P by means of Equations 1508-5, 1508-6 and 1508-7 respectively. These
values then lead to a value of p 2 /pl, by use of Equation 1508-4.

If the value of p 2 /p, is not identically the same as the

"first-guess" value originally selected, it is necessary to repeat the
process using the newly derived value as a "second-guess" value for

P2/Pl. This process is repeated until the computed value of P2/Pl
shows no further change as a result of a computation cycle.

Hirschfelder and Curtiss, using the method outlined above, ar-
rived at the values tabulated in Table X of Reference 4. It is this table
that is reproduced, after converting to British engineering units, in
Table 1510.15 of this Handbook section.

Table 1510.15 also lists values for the velocity u1 of the shock

front with respect to the gas on the low pressure side of the shock. The
velocity u, can be readily deduced from the equations for the conservation

of mass and momentum only, and shown to be

u = [( 2 ) p2 - P1 (1508-8)
1 VP 1 / P2 P1)]

This equation was used for computing the values of uI in Table X

of Reference 4, and it is this set of values for ul, after converting to

British engineering units, that are transcribed in Table 1510.15 of this
Handbook section.

Caution should be exercised in the use of Equation 1508-4 and of
the values in Table 1510.15 for the high-pressure (down-stream) side of the
shock wave. Because of the fact that the probability of transfer of energy
from the translational to the vibrational modes of oscillation of the gas-
eous molecules is very small, a finite time is required for equilibrium con-
ditions to be attained when the temperatures are high enough to excite the
vibrational mode. For air the molecular vibrational mode becomes important
at about 6000K. Also, a finite time is required for dissociative equilibrium
conditions to be attained. For air dissociation becomes important at about
3000*K (Reference 20).
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Because of these time delays (sometimes referred to as "relaxation
times of specific heats") at temperatures above 6000 K, equilibrium conditions
may not be reached at the shock front; and therefore, the values listed in
Table 1510.15 for the high-pressure side of the shock wave may not apply di-
rectly to the shock front. However, it has been shown by Bethe and Teller
(Reference 20) that at a sufficient distance down-stream from the front of
the shock wave the final equilibrium values are approached asymptotically,
and are independent of any intervening phenomena (e.g., "relaxation" pheno-
mena) connected with the approach of statistical equilibrium.

Therefore, the values in Table 1510.15 for the high-pressure side
of the shock wave apply accurately only at points sufficiently down-stream
from the shock front where the final values have been asymptotically at-
tained.

0

0
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1509 Reliability

The reliability of the tables in this section of the Handbook de-
pends upon the reliability of the original tables in the three source reports
(References 3, 4 and 5 - cf. 1500.3) and upon the accuracy with which the
original tables were interpolated and converted to produce the tables in
this section. The NBS-NACA tables for dry air are based on what are be-
lieved to be the most reliable basic thermodynamic data available at the
present time and their reliability is discussed in detail at the end of
each table (Reference 5).

The Hirschfelder-Curtiss reports, CM-472 and CM-518 (References 3
and 4) do not contain statements on the reliability of the tables; however,
those parts which have not been superseded by NBS-NACA tables (i.e., all
moist-air data, molecular weight, shock front conditions, isentropic
changes, dew point; and thermal conductivity as a function of pressure)
are believed to be the most reliable data of that type yet available.

Conversion to British engineering units was performed for the
tables in this section of the Handbook making use of the conversion fac-
tors listed in Section 1500.3. It is believed that the error introduced
by the conversion process does not exceed five in the last place tabulated
(or 0.005 of 1 percent in the case of five significant-figure numbers,
whichever is the smaller)

As stated in a preceding section (1500.3), the values for the
properties of dry air at temperatures above 30000K, and also the properties
of moist air, were derived from the Hirschfelder tables by interpolation and
conversion. The interpolation was performed on digital computing machines
and the results were checked by an independent set of computations. As a
result, it appears that the interpolation process is accurate to within one
or two in the last significant figure. A six-point Lagrangian interpola-
tion method was used, and this tacitly assumes that the function to which
the process is applied can be accurately represented by a polynomial equa-
tion, in this instance by a fifth-degree polynomial. A study of successive
differences of the various properties reveals that for temperatures less
than 2000 0 K for specific heats at constant volume and pressure, less than
3000°K for entropy, and for the ratio of specific heats at all temperatures,
the function can be accurately represented by a fourth- or lower-degree
polynomial. It is true, however, that at temperatures above these stated
values, and for the other properties, the studies of differences reveal
that a polynomial of higher degree than the fourth is needed to represent
the function with accuracy commensurate with the listed value, but there is
no way of determining, from the original tables only, whether or not the
fifth-degree polynomial accurately portrays the function.
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1510 Tables of Real Properties of Air Dissociated to Chemical Equili-
brium (both dry and moist air unless otherwise indicated)

1510.01 Molecular Weight

0.1 Atmosphere Pressure 0.4 Atmosphere Pressure

M Residuals, for mole M Residuals, for mole
% moisture content % moisture content

T M 0.1 1.0 5.0 M . 0.1 1.0 5.0 T
(-K) (°R)

700 28.965 -e054 -. 109 - e547 28.965 -. 054 -e109 - .547 1260
800 28.965 0 -o055 -. 109 - .547 28.965 0 -. 054 -. 109 - o547 1440
900 28o966 1 -o056 -e109 - .548 28.966 1 -. 054 -.110 - .547 1620

1000 28.966 0 -e054 -o112 - .549 28o966 0 -. 054 -.109 - -548 18C0

1100 28.966 0 -. 055 -. 111 - .548 28.966 0 -. 055 -. 109 - o548 1980
1200 28.966 0 -o054 -ol12 - o548 28.966 0 -. 054 -. 111 - e548 2160
1300 28.966 0 -. 055 -.110 - .548 28.966 0 -e054 -. 109 - .548 2340
1400 28.966 0 -a057 -.109 - o!47 28.966 0 -e055 -.110 - .548 2520
1500 28.965 - 1 -. 056 -.i1i - .548 28.965 - 1 -. 054 -.109 - o548 2700

1600 28,965 0 -. 054 -. 111 - s550 28.9.65 0 -. 055 -. 108 - .547 2880
1700 28.965 0 -. 054 -.112 - .551 25.9c5 0 -o055 -.110 - .550 3060
1800 28o964 - 1 -. 058 -o112 - o555 28.965 0 -. 055 -oll - .552 3240
1900 28.959 - 5 -. 059 -. 115 - o560 28.963 - 2 -e059 -. 114 - o556 3420
2000 28.950 - 9 -.062 -. 118 - .567 25.959 - 4 -. 060 -e116 - .562 3600

2100 28.935 - 15 -o064 -. 126 - .582 28.950 - 9 -. 061 -. 119 - o569 3780
2200 28o905 - 30 -o072 -. 131 - o600 28.936 - 14 -. 067 -. 124 - .583 3960
2300 28.857 - 48 -o079 -.148 - .630 28.912 - 24 -. 071 -. o134 - .602 4140
2400 28.777 - 80 -. 086 -. 159 - .672 28.870 - 42 -. 076 -. 141' - .625 4320
2500 28.657 -120 -o102 -. 181 - e735 28.808 - 62 -. 085 -o154 - .661 4500

2600 28.481 -176 -. 116 -@209 - o821 28.717 - 91 -. 095 -. 172 - .708 4680
2700 28o238 -243 -o133 -. 242 - o934 28.588 -129 -.107 -. 194 - .772 4860
2800 27.920 -318 -o148 -. 272 -1.077 28.412 -076 -. 121 -. 217 - .856 5040
2900 27.523 -397 -. 163 -o308 -1.241 28.179 -233 -. 132 -. 244 - .957 5220
3000 Z7o056 -467 -. 176 -o338 -l1412 27.890 -289 -. 147 -o273 -1.081 5400

3100 26.543 -513 -. 185 27.544 -346 -. 158 -. 300 -1.213 5580
3200 274145 -399 -. 169 -. 324 -1.355 5760
3300 26.706 -439 -. 177 -.345 -1.490 5940
3400 26.245 -461 -. 184 -. 363 -1.611 6120
3500 25.782 -463 -. 190 -. 376 -1.715 6300

3609 25.334 -448 -. 197 -. 388 -1.792 6480
3700 24s911 -423 -#202 -. 397 -1.850 6660
3800 24.514 -397 -. 204 -. 403 -1.885 6840
3900 24.142 -372 -. 202 -. 402 -1.902 7020
4000 23.782 -360 -. 205 -. 404 -1.905 7200

4100 23.420 -362 -. 202 -. 402 -1.892 7330
4200 23.040 -380 -. 197 -. 394 -1.861 7560
4300 22.632 -408 -o193 -. 387 -1.820 7740
4400 22*186 -446 -o187 -o373 -1.769 7920
4500 21.697 -489 -. 182 -. 360 -1.707 8100

4600 21.169 -528 -o176 -. 346 -1.638 8280
4700 20o606 -563 -. 166 -. 328 -1.563 8460
4800 20.018 -588 -. 158 -.3,2 -1.482 8640
4900 19.414 -604 -. 149 -o294 -10396 8820
5000 18.813 -601 -. 140 -. 274 -1309 9000

Table 1510.01 MOLECULAR WEIGHT (M in slugs/mole slug) for dry and moist air

(See Section 1500.3 for definition of residuals)
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0.7 Atmosphere Pressure 1.0 Atmosphere Pressure

N Residuals, for mole V Residuals, for mole
% moisture content % moisture content

T K A 0.1 1.0 5.0 M A 0.1 1.0 5.0 T
(K) (°R)

700 28o965 -. 054 -.109 - .547 28o965 -. 054 -.109 - .547 1260
800 28.965 0 -. 054 -. 109 - .547 28.965 0 -0054 -. 109 - .547 1440
900 28s966 1 -e054 -,11C - .547 28o966 1 -. 054 -. 110 - .547 1620

1000 28.966 0 -. 054 -. 109 - *548 28.966 0 -. 054 -. 109 - .548 1800

1100 28.966 0 -. 055 -. 109 - o548 28.966 0 -. 055 -. 109 - *548 1980
1200 28.966 0 -. 054 -. 110 - #548 28,966 0 -. 054 -. 110 - .548 2160
1300 28.966 0 -,054 -. 109 - .548 28.966 0 -. 054 -. 109 - .548 2340
1400 28.966 0 -. 054 -. 110 - *548 28.966 0 -. 054 -. 110 - e548 2520
1500 28.966 0 -. 054 -. 110 -*0548 28.966 0 -. 054 -. 110 - .548 2700

1600 28.965 - 1 -. 055 -. 107 - *547 28*965 - 1 -*055 -. 107 - *547 2880
1700 28.965 0 -,056 -. 109 - ,549 28.965 0 -,056 -. 109 - .549 3060
1800 28.965 0 -. 055 -. 112 - .551 28.965 p -*0.6. -*111 - .551 3240
1900 28.964 - 1 -. 059 -. 113 - *555 28.964 - 1 -. 059 -. 113 - o554 3420
2000 28*961 - 3 -*059 -. 115 - o561 28.9o62 - 2 -.059 -. 115 - #559 3600

2100 28*954 - 7 -. 059 -. 117 - *565 28.956 - 6 -. 060 -. 116 - @564 3780
2200 28.944 - 10 -. 066 -. 123 - .580 28o948 - 8 -. 064 -. 122 - o576 3960
2300 28*925 - 19 -*069 -. 131 - 0594 28*932 - 16 -. 068 -*129 - .589 4140
2400 28*894 - 31 -. 074 -. 137 - o613 28.906 - 26 -*073 -. 134 - .607 4320
2500 28.846 - 48 -. 080 -. 147 - o641 k8.866 - 40 -. 078 -. 144 - .632 4500

2600 28.777 - 69 -. 088 -. 162 - .679 28*808 - 58 -*084 -. 158 - @665 4480
2700 28*677 -100 -. 100 -. 180 - o730 286723 - 85 -. 096 -. 172 - o709 4860
2800 28.540 -137 -. 110 -. 201 - *798 28.607 -116 -. 105 -. 192 - .768 5040
2900 28*359 -181 -. 123 -. 224 - .883 28*453 -154 -. 117 -. 213 - .844 5220
3000 28.128 -231 -. 137 -. 250 - .981 28.253 -200 -. 130 -. 236 - .926 5400

3100 27.844 -284 -. 147 -. 276 -1.093 28*007 -246 -. 139 -9260 -1.027 5580
3200 27.510 -334 -. 157 -*299 -1.220 27.712 -295 -. 150 -. 283 -1.142 5760
3300 27.130 -380 -. 166 -. 321 -10350 27.372 -340 -. 159 -. 306 -1.265 5940
3400 26.715 -415 -e175 -. 342 -1.474 26*992 -380 -. 168 -. 326 -10385 6120
3500 26o283 -432 -. 182 -,357 -1.588 26o588 -404 -. 177 -344 -1.501 6300

3600 25.846 -437 -. 189 -. 371 -1.682 26o169 -419 -. 184 -*359 -1.602 6480
3700 25.421 -425 -. 194 -o382 -1.759 25.750 -419 -. 188 -. 370 -1.688 6660
3800 25.013 -408 -. 197 -. 392 -1.816 25.343 -407 -. 193 -0383 -1.758 6840
3900 24.628 -385 -. 201 -. 396 -1.856 24.952 -391 -. 198 -*390 -1.811 7020
4000 24.258 -370 -. 201 -. 400 -1.880 24.574 -378 -. 198 -. 395 -1.849 7200

4100 23.897 -361 -. 201 -. 401 -1.887 24.210 -364 -*199 -. 398 -1*869 7380
4200 23*534 -363 -. 200 -. 398 -1.878 23*849 -361 -. 200 -*398 -1.874 7560
4300 23.158 -376 -. 198 -. 395 -1.855 23*484 -365 -. 200 -e397 -1.864 7740
4400 22.759 -399 -. 194 -. 385 -1.823 23.105 -379 -. 197 -0390 -1.845 7920
4500 22.331 -428 -. 190 -. 376 -1*779 22*705 -400 -. 194 -. 383 -1*813 8100

4600 21.869 -462 -. 184 -. 365 -1.726 22.279 -426 -e188 -. 375 -1.770 8280
4700 21.374 -495 -. 177 -. 351 -1.664 21.823 -456 -. 183 -. 363 -1.718 8460
4800 20.849 -525 -. 171 -0337 -1.596 21.338 -485 -. 178 -. 351 -1.660 8640
4900 20.298 -551 -. 163 -322 -1.521 20.824 -514 -A170 -#337 -1.592 8820
5000 19.731 -567 -. 154 -. 302 -1.441 20*289 -535 -*161 -. 319 -1*519 9000

Table 1510.01 MOLECULAR WEIGHT (M in slugs/mole slug) for dry and moist air

(Continued) (See Section 1500.3 for definition of residuals)
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1.0 Atmosphere Pressure 4.0 Atmospheres Pressure

V Residuals, for mole M Residuals, 'tor mole
% moisture content % moisture content

T H A 0.1 1.0 5.0 M 0.1 1.0 5.0 T
(°K) (°R)

700 28.905 -. 054 -. 109 - .547 28.965 -. 054 -. 109 - &547 1260
800 28.965 0 -. 054 -9109 - .547 28o965 0 -. 054 -@109 - .547 1440
900 286966 1 -. 054 -. 110 - .547 28.966 1 -. 056 -.110 - .547 1620

1000 28.966 0 -. 054 -.109 - ,548 28.966 0 -. 055 -. 110 - .548 1800

1100 28o966 0 -. 055 -.109 - *548 28Nw966 0 -. 055 -.110 - .548 1980
1200 28o966 0 -. 054 -. 110 - .548 28.965 - 1 -. 054 -. 109 a547 2160
1300 28.966 0 -. 054 -. 109 - o548 28.966 1 -*055 -. 110 - .548 2340
1400 26.966 0 -. 054 -0110 - .948 28.966 0 -. 055 -*110 - e547 2520
1500 286966 0 -. 054 -e11- - .548 28.966 0 -e055 -*110 - .548 2700

1600 28o965 - 1 -. 055 -. 107 - .547 28.966 0 -. 054 -. 109 - .548 2880
1700 28.965 0 -. 056 -. 109 - .549 28.965 - 1 -@055 -. 109 - @549 3060
1800 28.965 0 -. 055 -. 111 - .551 28.966 1 -*056 -.111 - .551 3240
1900 28.964 - 1 -. 059 -. 113 - e554 28.965 - 1 -a057 -. 113 - .552 3420
2000 28*962 - 2 -. 059 -. 115 - .559 28e965 0 -. 059 -. 114 - *556 3600

2100 28*956 - 6 -*060 -. 116 - o564 28.962 - 3 -0060 -. 115 - .561 3780
2200 28*948 - 8 -*064 -. 122 - *576 28.957 - 5 -. 062 -. 119 - .566 3960
2300 28o932 - 16 -. 068 -. 129 - .589 28.949 - 8 -. 064 -. 122 - &574 4140
2400 28e906 - 26 -. 073 -. 134 - .607 28.936 - 13 -. 068 -*127 - .588 4320
2500 28o866 - 40 -. 078 -. 144 - .632 28,916 - 20 -. 071 -. 133 - .603 4500

2600 28*808 - 58 -*084 -. 153 - .665 28.887 - 29 -*077 -. 142 - @0_* 4680
2700 28.723 - 85 -. 096 -. 172 - .709 28.843 - 44 -. 084 -. 151 - .651 4860
2800 28.607 -116 -.105 -. 192 - .768 28.784 - 59 -. 090 -. 165 - .685 5040
2900 28.453 -154 -. 117 -o213 - .844 28.703 - 81 -. 099 -. 178 - .732 5220
3000 28.253 -200 -. 130 -9236 - *926 28*597 -106 -. 108 -*194 - s777 5400

3100 28.007 -246 -. 139 -. 260 -1.027 28.462 -135 -.116 -. 212 - e837 5580
3200 27.712 -295 -e150 -. 283 -1.142 28.296 -166 -. 125. -. 231 - .909 5760
3300 27.372 -340 -. 159 -. 306 -1.265 28.093 -203 -. 134 -. 250 - .991 5940
3400 26.992 -380 -e168 -. 326 -1.385 27.854 -239 -. 144 -. 270 -1.081 6120
3500 26.588 -404 -. 177 -. 344 -1@501 27.581 -273 -. 153 -. 288 -1@17C 6300

3600 26.169 -419 -. 184 -*359 -1.602 27o275 -306 -. 158 -*305 -1.276 6480
3700 25.750 -419 -. 188 -. 370 -1.688 26.940 -335 -. 164 -. 318 -1.371 6660
3800 25*343 -407 -. 193 -9383 -1.758 260588 -352 -. 171 -o334 -1.465 6840
3900 24.952 -391 -. 198 -0390 -1.811 26.226 -362 -. 178 -. 348 -1.551 7020
4000 24.574 -378 -. 198 -. 395 -1.849 25.858 -368 -. 181 -. 358 -1.627 7200

4100 24.210 -364 -e199 -. 398 -1.869 25.495 -363 -. 186 -. 368 -1.688 7380
4200 23.849 -361 -. 200 -. 398 -1.874 25.136 -359 -. 191 -. 377 -1.741 7560
4300 23.484 -365 -. 200 -*397 -1.864 24.784 -352 -. 193 -*382 -1.780 7740
4400 23*105 -379 -. 197 -#390 -1.845 24.438 -346 -. 196 -. 387 -1.807 7920
4500 22*705 -400 -. 194 -. 383 -1.813 24.093 -345 -. 196 -. 389 -1.823 8100

4600 22.219 -426 -. 188 -. 375 -1.770 23.744 -349 -. 191 -. 388 -1.826 8280
4700 21.823 -456 -. 183 -. 363 -1.718 23.389 -355 -. 194 -. 387 -1.819 8460
4800 21.338 -485 -. 178 -. 351 -1.660 23.021 -368 -. 195 -. 383 -1.803 8640
4900 20.824 -514 -. 170 -. 337 -1.592 22.636 -385 -. 189 -. 376 -1.774 8820
5000 20.289 -535 -. 161 -. 319 -1.519 22.233 -403 -. 183 -. 368 -1.740 9000

Table 1510.01 MOLECULAR WEIGHT (M in slugs/mole slug) for dry and moist air

(Continued) (See Section 1500.3 for definition of residuals)



1 August 1953 Molecular Weight 1510.01-3

7.0 Atmospheres Pressure 10.0 Atn. spheres Pre.,sure
M Residuals, for1 mole M Residuals, fur mule

% moisture content % moisture content
T M U 0.1 1.0 5.0 M .1 0.1 1.0 5.0 T

(OK) ( OR)

700 28.965 -0054 -. 109 - e547 284955 -. 054 -. 132 - o547 1260
830 28.966 1 -. 055 -al: - *547 28.ct5 1 -- 355 -.120 - .547 1443
90 2 289-62 67 1 -. 257 -.131 .,45 162

1000 28o096 C - -.5 -- .- '.6 2.0.96 - 1 -"'"5 -.110 - .348 1803

110C 23o966 3 -.255 -. 0i$ -*48 - ,.966 0 -. 055 -. I11 - .548 1980
120^ 2S.965 - 1 -. 254 -. 107 - .547 03.966 0 -.&55 -&109 - o547 2160
130C 23.966 1 -o05ý -. l13 - o548 26.T5o C -. 055 -113 - *548 2340
140" 28.96C C -. 055 -e11:- 547 28.*n5 0 -*055 -. 113 - .547 252.0
1503 289966 C -. 001- C .11C - .3I' 2., 0 -. 055 -. 11, - .548 2700

1•23 21,966 C -. 335 -112 - .548 28o966 1 -. 054 -. 111 - .548 2880
1703 22o965 - 1 -. 224 -. i39 - o549 213e965 - 1 -,$54 -. 109 - o549 3000
1300 26.966 1 -. 056 -. I11 - .550 280966 1 -@056 -.111. - e550 3240
1900 28.966 0 -.357 -. 113 - a552 28o966 0 -#056 -9112 - .551 3420
2000 28.965 - 1 -. 3512 -113 - .555 28.965 - 1 -. 057 -. 112 - *554 3600

210C 28.964 - 1 -#052 -. 115 - .560 28.965 0 -.009 -*115 - a559 3780
2203 28.959 - 5 -. 060 -@116 - *5b2 28.960 - 5 -. 060 -#116 - e562 3960
2303 28.954 - 5 -. 064 -*120 - o571 23o955 - 5 -o062 -*119 - *569 4140
24C0 2P.944 - 10 -. 065 -. 124 - @56;2 25.947 - 8 -. 064 -. 123 - .579 4320
250C 2e.928 - 16 -. 069 -.13C - *595 23.935 - 12 -*068 -. 128 - .591 4500

2600 28.906 - 22 -. 073 -. 137 - .613 28.916 - 19 -. 072 -. 135 - .607 4680
2703 23.873 - 33 -0380 -. 145 - .635 28.808 - 28 -. 077 -. 142 - .626 4860
28('C 28.828 - 45 -. 085 -. 156 - .662 28.350 - 33 -. 082 -. 152 - .649 5040
2900 28o766 - 62 -. 092 -*16C - .699 28.799 - 51 -. 089 -. 162 - .681 5220
300C 28.685 - 31 -.101 -*182 - .738 28.730 - 69 -. 097 -. 176 - .718 5400

31C0 28.581 -104 -.019 -. 198 - .767 28.642 - 88 -e105 -*189 - .761 5580
3200 28.451 -130 -*117 -. 214 - .845 28.531 -111 -. 113 -*204 - .812 5760
33"ý 28.291 -160 -. 124 -. 231 - .912 28.394 -137 -. 120 -. 220 - .871 5940
3430 28.100 -191 -. 133 -. 249 - *987 28.230 -164 -. 128 -. 237 - a938 6120
3500 27.878 -222 -.142 -. 266 -i1070 28.037 -193 -. 135 -. 253 -1@011 6300

3500 27.624 -254 -. 148 -. 283 -1.157 27.815 -222 -*142 -. 269 -1,088 6480
3700 27.340 -284 -. 155 -. 297 -1.247 27.563 -252 -. 149 -. 284 -1.173 6660
,8C0 27.031 -309 -. 161 -. 313 -1.337 27.237 -276 -. 155 -. 299 -1@259 6840
3903 26.706 -325 -,I8 -. 326 -1.425 2t.989 -298 -. 161 -. 312 -1.343 7020
4003 26.366 -340 -. 172 -o338 -1.505 26.674 -315 -a167 -e325 -1.424 7200

4100 26.023 -343 -. 178 -o350 -1.576 26.350 -324 -*172 -. 338 -1.499 7380
4200 25.676 -347 -. 133 -e359 -1.641 26.017 -333 -. 178 -*347 -1.567 7560
4300 25.334 -342 -. 186 -. 367 -1.695 25.684 -333 -. 181 -. 356 -1.629 7740
4403 2.e995 -339 -. 190 -,%75 -1.738 25.352 -332 -. 184 -.365 -1*679 7920
4530 24.658 -337 -. 191 -. 380 -1.770 25.022 -330 -. 187 -. 372 -1.720 8100

4600 24.723 -335 -. 190 -. 383 -1.790 24.693 -329 -. 188 -. 376 -1.752 8280
4700 23.985 -33R -. 193 -. 384 -1.801 24.362 -331 -. 191 -. 380 -1.773 8460
4800 23.643 -342 -. 194 -. 384 -1.803 24.032 -330 -. 193 -. 382 -1.786 8640
4900 23.290 -353 -. 191 -.3el -1.792 23.693 -339 -*191 -. 380 •-1.787 8820
5000 22*975 -365 -. 188 -. 37t -1,776 23.345 -348 -. 190 -#379 -1.781 9000

Table 1510.01 MOLECULAR WEIGHT (M in slugs/moleslug) for dry and moist air

(Cctinued) (See Section 1500.3 for definition of residuals)



NAVORD REPORT 1488 (Volume 5) HANDBOOK OF SUPERSONIC AERODYNAMICS
1510.01-4 Properties of Gases 1 August 1953

10.0 Atmospheres Pressure 40.0 Atmospheres Pressure

M Residuals, for mole M Residuals, fu.. mole
% moisture content % moisture content

T M 0.1 1.C 5.0 MI 0.1 1.0 5.0 T
(OK) (°R)

700 28.965 -. 054 -.109 - .547 28.965 -. 054 -.109 - .547 1260
800 28o966 1 -. 055 -.110 - .547 28.968 3 -@057 -e112 - .549 1440
900 28a967 1 -. 057 -Ill - .548 28.967 - 1 -. 054 -. i11 - .548 1620

1000 28o966 - 1 -e055 -.110 - o548 28o966 - 1 -. 055 -e109 - o547 1800

1100 28.966 0 -o055 -. 111 - .548 28.966 0 -e055 -. I09 - o547 1980
1200 28o966 0 -o055 -. 109 - o547 28.968 2 -.057 -- l2 - .551 2160
130C 28.966 0 -- 055 -. 110 - o548 28.966 - 2 -. 055 -- l0• - o547 2340
1400 28.966 0 -- 055 -. 110 - o547 2.967 1 -. 056 -. 111 - o549 2520
1500 28.966 0 -. 055 -. 110 - .540 28.966 - 1 -. 054 -.109 - .548 2700

1600 28.966 0 -. 054 -. 111 - .54e 28e966 0 -. 054 -.109 - @547 2880
1700 28.965 - 1 -. 054 -lOg - o549 28.967 1 -e055 -.110 - .548 3060
1800 28.966 1 -.056 -.111 - .550 286967 0 -9055 -.i11 - .549 3240
1900 28.966 0 -. 056 -. 112 - .551 280967 0 -. 056 -.Il1 - .551 3420
20MC 28.965 - 1 -. 057 -. 112 - .554 28.966 - 1 -. 056 -. 112 - .551 3600

21±0 28.965 0 -. 059 -. 115 - .559 28a966 0 -. 057 -.114 - .555 3780
2200 28.960 - 5 -. 060 -. 116 - *562 28.965 - 1 -. 059 -.114 - .559 3960
23" Z"*955 - 5 -. 062 -. 119 - .569 28.962 - 3 -. 059 -.116 - .563 4140
2400 26o947 - 8 -. 064 -. 123 - o579 28#957 - 5 -. 061 -. 119 - .569 4320
2500 28.93. 12 -. 068 -. 128 - .591 28.952 - 5 -. 064 -. 123 - e578 4500

2600 28.916 - ' -. 072 -. 135 - .607 28.942 - 10 -. 067 -. 128 - .588 4680
2700 28.888 - 28 -. 077 -. 142 - .626 28.928 - 14 -. 071 -. 133 - .601 4860
2800 28.850 - 38 -&082 -. 152 - .649 28.909 - 19 -@074 -. 139 - .616 5040
2900 28.799 - 51 -. 089 -. 162 - .681 28.883 - 26 -#078 -. 146 - .636 5220
3000 28.730 - 69 -. 097 -. 176 - .718 28.348 - 35 -. 085 -. 156 - .659 5400

3100 28.642 - 88 -@105 -. 189 - .761 28.802 - 46 -. 091 -. 165 -"*687 5580
3200 28.531 -111 -. 113 -. 204 - 6812 28.743 - 59 -. 096 -. 176 - .719 5760
3300 28.394 -137 -. 120 -. 220 - .871 28.670 - 73 -. 103 -. 186 - 0756 5940
3400 28.230 -164 -. 128 -. 237 - .938 28.580 - 90 -. 108 -. 198 - .796 6120
3500 28.037 -193 -. 135 -. 253 -1.011 28.475 -105 -. 115 -. 212 - @843 6300

3600 27.815 -222 -. 142 -. 269 -1.086 28.351 -124 -. 121 -. 224 - .891 6480
3700 27.563 -252 -. 149 -. 284 -1.173 28.209 -142 -. 128 -. 238 - .947 6660
3800 27.287 -276 -e155 -. 299 -1.259 28.045 -164 -. 134 -. 250 -1.003 6840
3900 26.989 -298 -. 161 -. 312 -1.343 27.863 -182 -. 138 -. 261 -1.068 7020
4000 26.674 -315 -. 167 -. 325 -1.424 27.659 -204 -. 144 -. 273 -1.131 7200

4100 26.350 -324 -. 172 -. 338 -1.499 27.436 -223 -. 149 -. 286 -1.198 7380
4200 26.017 -333 -. 178 -o347 -1.567 27.192 -244 -. 154 -. 296 -1.263 7560
4300 25.684 -333 -0181 -. 356 -1.629 26.936 -256 -. 159 -. 307 -1.330 7740
4400 25.352 -332 -. 184 -#365 -1.679 26,663 -273 -. 160 -. 316 -1.393 7920
4500 25.022 -330 -. 187 -. 372 -1.720 26.382 -281 -. 167 -o327 -1.455 8100

4600 24.693 -329 -. 188 -. 376 -1.752 26.094 -288 -. 172 -. 336 -1.509 8280
4700 24.362 -331 -. 191 -. 380 -1.773 25#800 -294 -. 175 -. 344 -1#562 8460
4800 24.032 -330 -. 193 -. 382 -1.786 25.504 -296 -. 176 -. 350 -1.605 8640
4900 23.693 -339 -. 191 -. 380 -1.787 25.205 -299 -. 181 -. 356 -1.643 8820
5000 23.345 -348 -. 190 -. 379 -1.781 24.900 -305 -. 183 -. 361 -1.673 9000

Table 1510.01 MOLECULAR WEIGHT (M in slugs/moleslug) for dry and moist air

(Continued) (See Section 156 .3 for definition of residuals)



1 August 1953 Molecular Weight 1510.01-5

70.0 Atmospheres Pressure 100.0 Atmospheres Pressure

M Residuals, for mole M Residuals, for mole
% moisture content % moisture content

T M 0.1 1.0 5.0 M 0.1 1.0 5.0 T
(K)R)

800 28.966 -*056 -*II0 -547 1440
900 28o967 1 -s055 -.110 9548 1620

1000 28o966 - 1 -. 055 -#109 - .547 1800

1100 28.967 1 -. 056 -. 110 - .548 28.967 -. 056 -*111 - .548 1980
1200 28o968 1 -. 057 -e112 - .550 28.968 1 -. 057 -. 111 - .550 2160
1330 28.966 - 2 -. 054 -.109 - .547 289967 - 1 -. 055 -. 110 - .547 2340
1400 28.968 2 -. 056 -. 113 - e550 28.967 0 -. 055 -. 112 - @548 2520
1500 28.966 - 2 -o053 -.109 - e548 28.967 0 -9054 -.110 - *548 2700

1600 28o966 0 -o055 -.109 - .547 28,966 - 1 -. 055 -o108 - o547 2880
1700 28.968 2 -. 056 -. 110 - .548 28.968 2 -. 056 -*110 - o548 3060
1800 28.967 - 1 -. 054 -*110 - .548 28.968 0 -. 054 -. 111 - @549 3240
1900 28.967 0 -.056 -.110 - .551 28.967 - 1 -. 056 -. I10 - .550 3420
2000 28o967 0 -. 055 -&112 - .551 28.968 1 -. 055 -. 112 - o551 3600

2100 28.966 - 1 -. 055 -. 112 - .552 28.967 - 1 -. 055 -. 112 - .551 3780
2200 28.966 0 -o059 -.114 - .559 28.967 0 -. 058 -. 115 - o558 3960
2300 28.964 - 2 -. 058 -. 116 - .561 28.965 - 2 -. 057 -. 115 - .560 4140
2400 28o960 - 4 -. 060 -o118 - .566 28.962 - 3 -. 060 -*117 - .565 4320
2500 28.956 - 4 -. 063 -. 122 - .574 28e958 - 4 -. 061 -. 120 - o571 4500

2600 28.949 - 7 -. 064 -e125 - .582 28.952 - 6 -. 064 -. 124 - .579 4680
2700 28.939 - 10 -. 9069 -e130 - e594 28.944 - 8 -*069 -. 128 - .589 4860
2800 28o924 - 15 -. 072 -. 136 - .608 28.933 - 11 -. 071 -. 135 - .604 5040
2900 28e903 - 21 -. 075 -. 141 - .625 28.914 - 19 -. 073 -*139 - .620 5220
3000 28s878 - 25 -. 082 -*150 - .641 28.894 - 20 -. 081 -. 147 - .631 5400

3100 28.843 - 35 -. 085 -. 157 - .665 28.864 - 30 -. 082 -. 152 - .653 5580
3200 28.799 - 44 -. 090 -. 167 - .691 28.828 - 36 -. 087 -. 162 - .676 5760
3300 28.743 - 56 -. 096 -. 176 - .721 28.783 - 45 -. 093 -. 170 - .702 5940
3400 28.675 - 68 -. 102 -. 185 - .756 28.726 - 57 -.100 -. 180 - e733 6120
3500 28.594 - 81 -. 110 -e200 - .796 28.657 - 69 -.106 -. 193 - .769 6300

3600 28.496 - 98 -. 115 -. 210 - .838 28.572 - 85 -.111 -. 203 - .809 6480
3700 28.381 -115 -. 120 -. 221 - o883 28.471 -101 -. 115 -. 212 - .849 6660
3800 28.250 -131 -. 126 -. 233 - .932 28.356 -115 -. 121 -. 224 - 9893 6840
3900 28.103 -147 -. 131 -o245 - .987 28o225 -131 -. 126 -. 235 - .945 7020
4000 27.937 -166 -a136 -. 256 -1.042 28.079 -146 -. 130 -. 246 - e996 7200

4100 270754 -183 -. 140 -. 266 -1.099 27.917 -162 -. 135 -. 255 -1.046 7380
4200 27.554 -200 -. 145 -. 278 -I1.59 27.743 -174 -. 140 -. 268 -1.101 7560
4300 27.338 -216 -. 149 -. 288 -1.217 27.555 -188 -. 145 -. 277 -e1.54 7740
4400 27.106 -232 -. 153 -. 297 -1.277 27.351 -204 -. 149 -. 286 -1.211 7920
4500 26.862 -244 -. 158 -.307 -1.338 27.135 -216 -. 152 -. 295 -1.268 8100

4500 26.607 -255 -*163 -. 316 -1.393 26.906 -229 -. 155 -. 303 -1.320 8280
4700 26.343 -264 -. 166 -. 324 -1.447 26.666 -240 -. 159 -. 311 -1.374 8460
4800 26.072 -271 -. 168 -. 332 -1.497 26.417 -249 -. 163 -. 319 -1.424 8640
4900 250795 -277 -. 172 -. 338 -1.542 26.160 -257 -. 166 -. 326 -1.470 8820
5000 25.511 -284 -. 175 -. 345 -1.582 25.893 -267 -. 169 -o334 -1.514 9000

Table 1510.01 MOLECULAR WEIGHT (M in slugs/moleslug) for dry and moist air
(Concluded) (See Section 1500.3 for definition of residuals)



NAVORD REPORT 1488 (Volume 5) HANDBOOK OF SUPERSONIC AERODYNAMICS
1510.02-1 Properties of Gases 1 August 1953

Table 1510.02 Second Virial Coefficient (dry air)

T B A T T B A T
(OK) (OR) (OK) (OR)

1"fr) -2*7249 180 1700 .54507 3';i 3060
-123 -1.9726 216 1800 4546d5 306 3240
140 -1&4803 252 1900 s55353 238 3420
i53 -1.2932 270 2006 o55237 184 3600
16ý -I133ý5 286 2100 s55375 138 37630

i83 - .87745 324 2200 .55475 100 3960
S - .6840 20445 360 2300 .55541 66 4143

22, - s52453 396 2400 o35583 42 4320
- ,343b7 450 2500 .55601 i6 4500

27'ý.i - s23521 491.69 2600 .55601 4660

286 - *237•5 504 2700 .55583 - 16 46860
330 - *133,9 54731 540 280 0 s5553 - 30 5040
'5- ,C123 630 2900 .55511 - 42 5220

40.3 s11328 24637 720 3000 *55457 - j4 5400
453 .19G40 81iC 3100 a55397 - 60 5560
c,0O .24325 13667 903 3200 .35327 - 70 5760

54r' ,28W-: 972 3300 s55251 - 76 5940
050 .296'c 99C 3400 *55171 - 0C 6120
'32'- 1044 5500 * 5083 - 88 6303

*': ,33--5 8500 1380 3603 .54993 - 90 6480
*30 .35432 1134 3700 #54900 - C. 666

65. o36605 1170 2800 *54834 - 96 (¾ 0
.6• *37161 118;' 2900 s54705 - 99 7020

7,L0 .39106 5691 1260 4000 s:4605 - 1I0 7203
7;) n41331 1355 4130 .54503 - 102 73c,

o431d4 3993 1440 4230 .54396 - i0 7563
966 .4603" 2911 1620 4300 - 54294 - 104 7740

,4326' 2174 183v 4400 .54139 - 105 7920
LI0 *49927 1658 1980 4500 .54082 - 207 sio0
1.20o 0512.' 1281 2162 4600 s53975 - 107 32&O

13'3 .52210 1302 2343 4700 .53868 - 107 3460
1403 o•36-2 792 2520 4800 a53762 - 106 8640
15C.0 053623 621 2700 4900 o53653 - 109 8823
16:0 .54116 493 2880 5000 .53546 - 107 SOCO

Table 1510.02 SECOND VIRIAL COEFFICIENT (B in ft 3 /slug) for dry air



1 August 1953 Second Virial Coefficient 1510.02-2

0

O Conversion Factors for Second Virial Coefficient (B)

To Convert To Having Dimensions Multiply
Tabulated Value of Indicated below by

B B ft 4 lb- 1 sec-2 1.00000Fse
with dimensions of ft 3 lbM1  0.0310810

ft3 slug-13 M-ft molebl 0.900293

in 3 lb 1  53.7080

in 3 molelb 1555.71

cm3 gm- 1  1.94034

CM3 mOlegi 56.2038
M3 kgm- 1  1.94034 x1O-3

O Table 1510.02 SECOND VIRIAL COEFFICIENT (B in ft 3 /slug) for dry air
(Concluded)
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1510.03-1 Properties of Gases 1 August 1953

1510.03 Density

0.01 Atmosphere Pressure

T pxl0 5  - a T T p xl05  A. T
(°K) (OR) (OK) (OR)

50 13.716 90 300 2.2832 785 540
60 11.424 2292 108 310 2.2094 738 558
70 9.7895 1634 126 320 2.1404 690 576
80 8.5644 12251 144 330 2.0754 650 594
90 7.6122 9522 162 340 2e0145 609 612

100 6.8505 7617 180 350 1.9570 575 630
110 6o2275 6230 198 360 1.9026 544 648
120 5.7084 5191 216 370 1.8511 515 666
130 5@2691 4393 234 380 1.6024 487 684
140 4.8927 3764 252 390 1.7563 461 702

150 4.5663 3264 270 400 1.7124 439 720
160 4.2811 2852 288 410 1.6705 419 738
170 4.0292 2519 306 420 1.6308 397 756
180 3.8054 2238 324 430 1.5929 379 774
190 3.6049 2005 342 440 1.5566 363 792

200 3.4247 1802 360 450 1.5219 347 810
210 3.2617 1630 378 460 1.4891 328 828
220 3.1134 1483 396 470 1.4572 319 846
230 2.9779 1355 414 480 1.4269 303 864
240 2.8540 1239 432 490 1.3977 292 882

250 2.7398 1142 450 500 1.3699 278 900
260 2.6344 1054 468 510 103431 268 918
270 2.5368 976 486 520 1.3172 259 936
280 2.4462 906 504 530 1.2924 248 954
290 2.3617 645 522 540 1.2683 241 972

Moisture residuals at 300*K(540*R)

Mole % moisture content 0.5 1.0 5.0

p Residuals 0.000 0.000 0.000

Conversion Factors for Density (p)

To Convert To Having Dimensions Multiply

Tabulated Value of Indicated below by

p x10 5  p x10 5 lbF sec 2 ft- 4  1.00000

with dimensions of lbM ft- 3  32.1740

slug ft- 3  lbM in- 3  0.0186192

gm cmn3  0.515375

kgm m- 3  515.375

Table 1510.03 DENSITY (p in slugs/ft 3 ) for dry and moist air
(See Section 1500.3 for definition of residuals)



1 August 1953 Density 1510.03-2

0.01 Atmosphere Pressure

T p xl05 A T T P x10 5  A T
(OK) (OR) (*K) (OR)

550 1*2452 231 990 800 *8561 110 1440
560 1.2231 221 1008 650 080D9 502 1530
570 1.2015 216 1026 900 .7610 449 1620
580 101810 205 1044 ')50 *7211 399 1710
590 1.1609 201 1062 1000 .6649 362 1800

600 1.1416 193 1080 1050 @6523 326 1890
610 1.1220 188 10%8 1i00 .6227 296 1980
620 1e1047 161 1116 1150 *5956 271 2070
630 1.0871 176 1134 1200 .5708 248 2160
640 1.0701 170 1152 1250 o5480 228 2250

650 1.0538 16? 1170 1300 .5269 211 2340
660 1.0377 161 1188 1350 e5073 196 2430
670 1.0222 155 1206 1400 .4892 181 2520
680 1.0071 151 1224 1450 o4724 168 2610
690 .9925 146 1242 1500 .4566 158 2700

700 .9785 140 1260 1550 .4418 148 2790
710 .9647 138 1278 1600 o4280 138 2880
720 e9512 135 1296 1650 .4150 130 2970
730 .9384 128 1314 1700 .4029 121 3060
740 *9256 128 1332 1750 e3914 115 3150

750 e9133 123 1350 1800 e3804 110 3240
760 $9012 121 1368 1850 .3701 103 3330
770 .8894 118 1386 1900 @3603 98 3420
780 .8781 113 1404 1950 o3508 95 3510
790 .8671 110 1422 2000 .3420 88 3600

2050 .3332 88 3690
2100 .3252 80 3780
2150 .3171 81 3870
2200 e3094 77 3960
2250 .3018 76 4050

2300 .2943 75 4140

Table 1510.03 DENSITY (p in slugs/ft 3 ) for dry and moist air (Continued)
(See Section 1500.3 for definition of residuals)
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1510.03-3 Properties of Gases 1 August 1953

0.1 Atmosphere Pressure 0.4 Atmosphere Pressure

p Residuals, for mole p Residuals, for mole
5 % moisture content 5 % moisture content

T p xl0 -a 0.1 1.0 5.0. p Xl0 -a 0.1 1.0 5.0 T
(0") (OR)

80 85.910 144
so 76.293 9617 307.51 162

100 68.623 7670 276*04 3147 160
110 62.355 6268 250.51 2553 198
120 57.142 5213 229*34 2117 216
130 52.734 4408 211.51 1783 234
140 48.958 3776 196.26 1525 252

150 45.688 3270 183.08 1318 270
160 42*828 2860 171.56 1152 288
170 40.307 2521 161*42 1014 306
180 38.064 2243 152.41 901 324 S
190 36.059 2005 144.36 805 342

200 34.255 1804 137*11 725 360
210 32.622 1633 130.56 655 378
220 31.139 1483 124.61 595 396
230 290784 1355 119.18 543 414
240 28.542 1242 114.21 497 432

250 27.400 1142 109.63 458 450
260 26.344 1056 105.40 423 468
270 25.368 976 101.50 390 486
280 24.462 906 97.865 363 504
290 23.619 841 94.488 3377 522

300 22.832 787 *035 .088 *428 91.334 3154 .136 .351 1.700 540
310 22.094 738 88.363 2951 558
320 21.404 690 85.621 2762 576
330 20.754 650 83.022 2599 594
340 20.145 609 80.581 2441 612

350 19.570 575 78.275 2306 630
360 19.026 544 76.100 2175 648
370 18.511 515 74.042 2058 666
380 18.024 487 72.093 1949 684
390 17.563 461 70.244 1849 702

400 17.124 439 *026 .065 *319 68.487 1757 .101 .@257 1.271 720
410 16.705 419 66.814 1673 738
420 16.308 397 65.223 1591 756
430 15.927 381 63.708 1515 774
440 15.566 361 62.258 1450 792

450 15.219 347 60o875 1383 810
460 14.888 331 59.550 1325 828
470 14.572 316 58.283 1267 846
480 14.269 303 57.069 1214 864
490 13.977 292 55.905 1164 882

500 13.699 278 .021 .052 .256 54.786 1119 .082 .209 1.022 900
510 13.431 268 53.712 1074 918
520 13.172 259 52.678 1034 936
530 12.924 248 51.685 993 954
540 12.683 241 50.726 959 972

Table 1510.03 DENSITY (p in slugs/ft 3 ) for dry and moist air (Continued)
(See Section 1500.3 for definition of Residuals)



1 August 1953 Density 1510.03-4

0.7 Atmosphere Pressure 1.0 Atmosphere Pressure

p Residuals, for mole p Residuals, for mole
5  moisture content 5 moisture content

T p xl0 a 0.1 1.0 5.0 pxl0 -X 0.1 1.0 5.0 T
(°x) ___ _ °R)

90 542.36 781.07 162

100 485.89 5647 698.25 8282 180
110 440.32 4557 631.86 6639 198
120 402.74 3758 577.34 5452 216
130 371.15 3159 531.68 4566 234
140 344.21 2694 492.81 3887 252

150 320.97 2324 459.34 3347 270
160 300.67 2030 .430.16 2918 288
170 282.84 1783 404.52 2564 306
180 266.98 1586 381.79 2273 324
190 252.83 1415 361.49 2030 342

200 240.11 1272 343.25 1824 360
210 228.62 1149 326.79 1646 378
220 218.18 1044 311.84 1495 396
230 208.65 953 298.19 1365 414
240 199.91 874 285.77 1242 432

250 191.91 800 274.23 1154 450
260 184.51 740 263.64 1059 468
270 177*66 685 253*83 981 486
280 171.29 637 244*75 908 504
290 165.37 592 236.27 848 522

300 159.85 552 .23 e61 2.96 228.37 790 .33 *86 4*22 540
310 154.68 517 220.99 738 558
320 149.84 484 214.07 692 576
330 145.29 455 207.57 650 594
340 141.03 426 201.45 612 612

350 136*99 404 195.70 575 630
360 133e18 381 190.26 544 648
370 129.56 362 185.09 517 666
380 126.15 341 180.22 487 684
390 122.91 324 175.60 462 702

400 119.85 306 .18 .45 2*23 171.19 441 .25 *64 3.18 720
410 116.92 293 167.02 417 738
420 114.13 279 163.03 399 756
430 111.47 266 159.24 379 774
440 108.94 253 155.63 361 792

450 106.53 241 152.17 346 810
460 104@20 233 148.86 331 828
470 101.99 221 145.70 316 846
480 99.86 213 142.63 307 864
490 97*82 204 139.72 291 882

500 95*87 195 .14 .37 1.78 136.94 278 .20 .52 2.54 900
510 93.99 188 134.25 269 918
520 92.18 181 131.67 258 936
530 90.45 173 129.19 248 954
540 88*77 168 126.80 239 972

Table 1510.03 DENSITY (p in slugs/ft 3 ) for dry and moist air (Continued)
(See Section 1500.3 for definition of residuals)



NAVORD REPORT 1488 (Volume 5) HANDBOOK OF SUPERSONIC AERODYNAMICS
1510.03-5 Properties of Gases 1 August 1953

0.1 Atmosphere Pressure 0.4 Atmosphere Pressure

p Residuals, for mole p Residuals, for mole
5 % moisture content 5 % moisture content

T p xl0 -_ 0.1 1.0 5.0 p xl0 -A 0.1 1.0 5.0 T
(*K) (OR)

550 12*452 231 49.806 920 990
560 12.231 221 489915 891 1008
570 12.015 216 48.057 858 1026
580 11.807 208 47.229 828 1044
590 11.609 198 46.428 801 1062

600 11.416 193 .017 .043 @213 45.653 775 .071 .177 .847 1Q80
610 11.228 188 44.906 747 1098
620 11s047 181 44.180 726 1116
630 10.871 176 43.480 700 1134
640 10.701 170 42.801 679 1152

650 10s538 163 42.143 658 1170
660 100377 161 41e503 640 1188
670 10.222 155 40.884 619 1206
680 10.071 151 40.284 600 1224
690 9.925 146 39.699 585 1242

700 9.785 140 9015 .037 9183 39.132 567 .061 .151 .734 1260
710 9.647 138 38.580 552 1278
720 9.512 135 38.046 534 1296
730 90381 131 37.524 522 1314
740 9.256 125 37.017 507 1332

750 9e133 123 36.523 494 1350
760 9.012 121 36.044 479 136Q
770 8.894 118 35.575 469 1386
780 8.781 113 35o118 457 1404
790 8o668 113 34o674 444 1422

800 8o5611 107 .0133 e0324 .1602 34.240 434 .050 .132 .640 1440
850 8.0576 5035 32.228 2012 1530
900 7e6100 4476 .0115 .0292 .1420 30.436 1792 .047 .120 .572 1620
950 7*2095 4005 28.836 1600 1710

1000 6.8490 3605 .0101 .0258 .1279 27;393 1443 .040 s106 .513 1800

1050 6.5228 3262 26e088 1305 1890
1100 6.2263 2965 .0089 .0236 *1158 24e904 1184 *038 e095 o.464 1980 ,
1150 5.9555 2708 23.820 1084 2070
1200 5.7074 2481 .0085 @0220 e1064 22.829 991 .035 .089 .427 2160
1250 5e4791 2283 21.916 913 2250

1300 5.2683 2108 .0079 90201 .0983 21e073 843 e032 .081 .395 2340
1350 5.0734 1949 20.293 780 2430
1400 4.8922 1812 .0076 .0184 .0913 19.567 726 .030 .075 .366 2520
1450 4.7234 1688 18.893 674 2610
1500 4.5661 1573 .0068 .0171 .0850 18.263 630 .029 .071 .343 2700

1550 4.4193 1468 17.673 590 2790
1600 492813 138C .0056 .0163 .0797 17.121 552 .028 .065 .322 2880
1650 4.1513 1300 16.602 519 2970
1700 4,0289 1224 .0060 e0153 .0755 16.115 487 .025 .062 .304 3060
1750 309135 1154 15.653 462 3150

Table 1510.03 DENSITY (p in slugs/ft 3 ) for dry and moist air (Continued)
(See Section 1500.3 for definition of residuals)



1 August 1953 Density 1510.03-6

0.7 Atmosphere Pressure 1.0 Atmosphere Pressure

p Residuals, for mole p Residuals, for mole
% moisture content 5 % moisture content

T pxl0 -a 0.1 1.0 5.0 pxl0 -X 0.1 1.0 5.0 T(°K) (S

550 87*16 161 124.50 230 990
560 85961 155 122.26 224 1008
570 84.10 151 120.10 216 1026
580 82.65 145 118.05 205 1044
590 81.24 141 116.04 201 1062

600 79e89 135 .12 .31 1.48 114.11 193 .17 .44 2.12 1080
610 78.58 131 112.25 186 1098
620 77.30 128 110.42 183 1116
630 76.07 123 108.69 173 1134
640 74.893 118 106.98 171 1152

650 73.741 1152 105.33 165 1170
660 72.622 1119 103.75 158 1188
670 71.538 1084 102.19 156 1206
680 70.487 1051 100.68 151 1224
690 69.466 1021 99.23 145 1242

700 68.472 994 .106 .262 1.281 97.80 143 .15 .37 1.83 1260
710 67.511 961 96.42 138 1278
720 66.571 940 95.09 133 1296
730 65.660 911 93.79 130 1314
740 64.772 888 92.53 126 1332

750 63.908 864 91.30 123 1350
760 63.068 840 90.10 120 1368
770 62.250 818 88.92 118 1386
780 61.452 798 87.79 113 1404
790 60.672 780 86.66 113 1422

800 59.914 758 .090 .232 1.119 85.58 108 .13 e33 1.59 1440
850 56.392 3522 80.56 502 1530
900 53.258 3134 .082 .209 .998 76.07 449 .11 *29 1.42 1620
950 50.455 2803 72.073 400 1710

1000 47.934 2521 .074 .188 .897 68.470 3603 .103 o267 1.278 1800

1050 45.651 2283 65.211 3259 1890
1100 43.576 2075 .067 .169 .811 62.245 2966 .094 .238 1.155 1980
1150 41e682 1894 59.540 2705 2070
1200 39.945 1737 .062 v155 .746 57@059 2481 .086 .221 1.064 2160
1250 38.347 1598 54.778 2281 2250

1300 36.874 1473 .057 .143 .692 52.671 2107 e079 .201 .985 2340
1350 35.507 1367 50.721 1950 2430
1400 34.240 1267 .053 .132 .640 48.910 1811 .076 .189 .913 2520
1450 33.058 1182 47.224 1686 2610
1500 31.957 1101 .052 .126 .601 45.651 1573 .071 .182 .857 2700

1550 30.926 1031 44.178 1473 2790
1600 29.960 966 .051 e113 .563 42.798 1380 .074 @161 .804 2880
1650 29.051 909 41.501 1297 2970
1700 28.198 853 o044 .109 .531 40.279 1222 .062 .156 .757 3060
1750 27,393 805 39.130 1149 3150

Table 1510.03 DENSITY (p in slugs/ft 3) for dry and moist air (Continued)
(See Section 1500.3 for definition of residuals)



NAVORD REPORT 1488 (Volume 5) HANDBOOK OF SUPERSONIC AERODYNAMICS
1510.03-7 Properties of Gases 1 August 1953

0.1 Atmosphere Pressure 0.4 Atmosphere Pressure

p Residuals, for mole p Residuals, for mole
5 % moisture content 5 % moisture content

T pxl0 -A 0.1 1.0 5.0 p xl0 a 0.1 1.0 5.0 T
(°K) (OR)

1800 3.8046 1089 *0062 .0150 .0719 15.219 434 .024 .059 .287 3240
1850 307017 1029 14.808 411 3330
1900 3.6039 978 *0058 *0144 &0686 14.417 391 .024 .057 .274 3420
1950 3.5111 928 14.045 372 3510
2000 3.4227 884 .0058 *0143 .0662 13.694 351 *023 .055 *262 3600

2050 3.3384 843 13o358 336 3690
2100 3.2579 805 *0058 ,0141 .0644 13.037 321 .023 .055 .255 3780
2150 3.1806 773 12.731 306 3870
2200 3.1066 740 @0066 .0143 .0636 12.439 292 .024 e054 .248 3960
2250 3.0356 710 12.158 281 4050

2300 2.9669 687 .0068 .0147 .0639 11.887 271 .025 .055 .245 4140
2350 2&9001 668 11.629 258 4230
2400 2.8354 647 .0074 .0158 .0652 11.378 251 .026 .056 .244 4320
2450 2.7722 632 11.135 243 4410
2500 2.7104 618 .0085 .0173 .0686 10.899 236 .028 e058 .248 4500

2550 2.6500 604 10.671 228 4590
2600 2.5905 595 .0095 .0192 .0739 10.447 224 .031 .063 .256 4680
2650 2.5316 589 10.229 218 4770
2700 2.4731 585 .0106 .0213 .0811 10.016 213 .034 *068 .268 4860
2750 2.4154 577 9.808 208 4950

2800 2.3579 575 .0116 .0233 .0904 9.802 206 .037 .073 .287 5040
2850 2.3010 569 9.399 203 5130
2900 2.2445 565 .0124 .0253 .1005 9.198 201 .040 .080 .310 5220
2950 2.1886 559 9.000 198 5310
3000 2.1336 550 .0130 .0268 .1109 8.804 196 .043 .086 .339 5400

3100 2.0245 1078 .0134 8.4024 3894 e0451 .0915 .3682 5580
3200 8.0221 3803 .0468 .0955 .3984 5760
3300 7.6530 3691 e0479 .0986 .4255 5940
3400 7.2998 3532 .0484 .1007 .4465 6120
3500 6.9661 3337 .0486 .1017 .4617 6300

3600 6.6542 3119 .0488 .1012 .4691 6480
3700 6.3662 2880 &0A87 .1008 o4710 6660
3800 6e0998 2664 .0480 00998 o4671 6840
3900 5.8537 2461 .0472 .0972 .4598 7020
4000 5o6218 2319 .0460 .0952 .4485 7200

4100 5.4013 2205 .0444 .0924 .4346 7380
4200 5.1873 2140 .0423 90885 .4176 7560
4300 4o9768 2105 .0408 .0850 .3989 7740
4400 4.7676 2092 o0382 o0799 o3786 7920
4500 4.5591 2085 %0366 .0756 o3577 8100

4600 4.3514 2077 .0338 .0711 .3357 8280
4700 4.1456 2058 .0319 .0660 .3131 8460
4800 3.9437 2019 90298 .0618 .2916 8640
4900 3.7465 1972 .0276 .0570 .2688 8820
5000 3.5578 1887 .0250 .0517 92468 9000

Table 1510.03 DENSITY (p in slugs/ft 3 ) for dry and moist air (Continued)
(See Section 1500.3 for definition of residuals)



1 August 1953 Density 1510.03-8

0.7 Atmosphere Pressure 1.0 Atmosphere Pressure

p Residuals, for mole p Residuals, for mole
5  % moisture content 5 % moisture cuoitat

T l05 -0 0.1 1.0 5.0 p xl0 - 0.1 1.0 50 T
(OK) ('R)

1800 26o630 753 o04.1 .13 .502 3b.C41 i039 .0 o. 147 .715 3:ý0
1850 25.910 720 37.C12 10C? 3330
1900 25#228 692 #041 010" .47E 36.039 973 .059 .11 .67r! 3420
1950 24.590 648 35.113 926 351Q
2000 23e963 617 e04C *05 .457 34.235 873 .055 .135 e6tO 3600

2050 23.376 587 33.394 841 369C
2100 22.817 554 .04C @095 e443 32.597 797 .055 .134 .630 3780
2150 22.285 532 31.834 763 3870
2200 219773 512 e042 *093 .431 31.109 725 .058 .133 ,612 3960
2250 21.284 489 30.406 703 4050

230C 20s812 472 e042 .096 *424 29.736 670 .059 *135 .599 4140
2350 20.360 452 29.094 642 4230
2400 19*924 436 .043 e095 a418 28.472 622 .062 .133 .593 4320
2450 19.505 419 27.875 597 4410
2500 19.098 407 *046 o098 .421 27.298 577 .065 *13e e593 4500

2550 180702 396 260738 560 4590
2600 18.318 384 *049 .103 *429 26.196 542 *068 .144 .599 4660
2650 17.944 374 25.667 529 4770
2700 17.580 364 .055 .111 9444 25.150 517 .074 .150 .614 4860
2750 -17.224 356 24.651 499 4950

2800 16.875 349 *05P .119 *468 24.161 490 .081 .162 .643 5040
2850 16.532 343 23.680 481 5130
2900 16.195 337 .064 .129 .502 23.205 475 *088 .175 .686 5220
2950 15.859 336 22.736 469 5310
3000 15.528 331 *069 *133 .537 22.270 466 .094 .186 .725 5400

3100 14.866 662 .073 a148 .581 21.361 909 .098 .200 .779 5580
3200 14.228 638 .076 s155 e628 20.476 895 .103 e209 .839 5760
3300 13*606 622 .078 *161 .675 19.611 365 .105 .220 .902 5940
3400 13.004 602 .080 .166 .715 18.770 841 .110 .225 .959 6120
3500 12.428 576 .081 .169 .748 17.961 809 .112 .232 1.010 6300

3600 11.892 546 .083 9171 *771 17.187 774 .115 .237 1.049 6480
3700 11.370 512 .082 .171 .784 16.455 73? o114 v237 1.076 6660
3800 10.894 476 .082 .171 o789 15.768 687 e114 *239 1.091 694.0
3900 10.451 443 .081 o168 .785 15,127 641 .114 o237 1.095 7020
4000 10.037 414 .080 o166 .776 14.526 601 .112 .234 1.090 7200

4100 9.6465 390 .0773 .1620 o7599 13o962 564 .110 e230 1.076 7380
4200 9.2735 373C *0752 .1568 .7380 13.426 536 .108 .224 1.052 7560
4300 8.9130 3605 .0727 .1520 .7124 12.913 513 .105 .218 1.023 7740
4400 8.5602 3528 *0696 .1448 .6836 12.416 497 *101 .210 .989 7920
4500 8.2125 3477 .0668 .1382 .6528 11.929 487 .097 .202 .951 8100

4600 7.8678 3447 .0626 .1312 .6193 11.451 478 .092 ,193 .908 8280
4700 7o5263 3415 .0595 .1236 .5844 10.978 473 .088 .183 .962 8460
4800 7.1881 3382 .0560 .1160 s5493 10.510 469 .033 .172 .916 8640
4900 6.8552 3329 .0527 .1090 .5126 10.048 462 o079 .163 .767 8820
5000 6.5300 3252 .0481 .0994 .4750 9.5931 455 .0724 .1503 .7161 9000

Table 1510.03 DENSITY (p in slugs/ft 3) for dry and moist air (Continued)
(See Section 1500.3 for definition of residuals)



NAVORD REPORT 1488 (Volume 5) HANDBOOK OF SUPERSONIC AERODYNAMICS
1510.03-9 Properties of Gases 1 August 1953

1.0 Atmosphere Pressure 4.0 Atmospheres Pressure

p Residuals, for mole p Residuals, for mole
% moisture content 5 % moisture content

T Pxl05 -A 0.1 1.0 5.0 p x 0  
-a 0.1 1.0 5.0 T(x) (OR)

90 761007 162

100 698.25 8282 180
110 631.86 6639 265307 198
120 577.34 5452 2396.5 2572 216
130 531.68 4566 2188.9 2076 234
140 492.81 3887 2017.0 1719 252

150 459*34 3347 1871.5 1455 270
160 430.16 2918 1746.7 1248 288
170 404.52 2564 1638.2 1085 306
180 381.79 2273 1542.8 954 324
190 361.49 2030 1458.2 846 342

200 343.25 1824 1382.7 755 360
210 326*79 1646 1314.8 679 378
220 311.84 1495 1253.5 613 396
230 298*19 1365 1197.7 558 414
240 285.77 1242 1146*8 509 432

250 274.23 1154 1100.0 468 450
260 263.64 1059 1057.0 430 468
270 253.83 981 1017.3 397 486
280 244.75 908 980.43 364 504
290 26@627 848 946.23 3420 522

300 228.37 790 .33 .86 4*22 914.34 3189 1.31 3.39 1C,.63 540
310 220*99 738 884.54 2980 558
320 214.07 692 856.66 2788 576
330 207.57 650 830.49 2617 594
340 201.45 612 805*88 2461 612

350 195.70 575 782.70 2318 630
360 190.26 544 760.82 2188 e48
370 185.09 517 740.15 2067 666
380 180.22 487 720*57 1958 684
390 175.60 462 702*00 1857 702

400 171.19 441 .25 e64 3.18 684.38 1762 1.03 2.55 12.61 720
410 167.02 417 667.62 1676 738
420 163.03 399 651.67 1595 '756
430 159.24 379 636.46 1521 774
440 155.63 361 621.96 1450 792

450 152.17 346 608.11 1385 810
460 148.86 331 594*86 1325 828
470 145.70 316 582.18 1268 846
480 142.63 307 570.02 1216 864
490 139.72 291 558.37 1165 882

500 136.94 278 .20 .52. 2.54 547.19 1118 .85 2.07 10.08 900
510 134.25 269 536.44 1075 918
520 131.67 258 526.11 1033 936
530 129.19 248 516.18 993 954
540 126.80 2)9 506*61 957 972

Table 1510.03 DENSITY (p in slugs/ft 3 ) for dry and moist air (Continued)
(See Section 1500.3 for definition of residuals)



1 August 1953 Density 1510.03-10

7.0 Atmospheres Pressure 10.0 Atmospheres Pressure

p Residuals, for mole p Residuals, for mole
% moisture content 5 % moisture content

x10 5  
-• 0.1 1.0 5.0 p xl0 -a 0.1 1.0 5.0 T

(°K) (OR)

110 4922.1 7561e8 198
120 4373.4 5487 6557*9 10039 216
130 3953.1 4203 5847.7 7102 234
140 3617.4 3357 5305.5 5422 252

150 3339.4 2780 4068.9 4366 270
160 3104.9 2345 4507*9 3610 288
170 2903.4 2015 4202.0 3059 306
180 2728.0 1754 3938.8 2632 324
190 2574.0 1540 3709.0 2298 342

200 2437.0 1370 3506.5 2025 360
210 2314.8 1222 3326.1 1804 378
220 2204.4 1104 S164.6 1615 396
230 2104.5 999 3018.5 1461 414
240 2013,7 908 2886.1 1324 432

250 1930.4 833 2765.1 1210 450
260 1853.9 765 2654.2 11C9 468
270 1783.4 705 2552.1 1021 486
280 1718.1 653 2458.0 941 504
290 1657.7 604 2370.7 873 522

300 1601.5 562 2.3 5.9 28&7 2289.4 813 3.3 8.3 40.3 540
310 1548.8 527 2213.9 755 558
320 1499.6 492 2143.2 707 576
330 1453.7 459 2076.9 663 594
340 1410.3 434 2014.7 622 612

3.0 1369.6 407 1956.2 585 630
360 1331.0 386 1901.0 552 648
370 1294.9 361 1849.1 519 666
380 126C.5 344 1799.7 494 684
390 12z7,9 326 1753.0 467 702

400 1197.0 309 1.8 4.5 21.8 1708.9 441 2.6 6.3 30.7 720
410 1167.4 296 1666'. 4.22 738
420 1139.6 278 1626.8 399 756
430 1113.0 266 1588.7 381 774
440 1087.4 256 1552.3 364 792

450 1063.3 241 1517.4 349 810
460 1040.0 233 1484.3 331 828
470 1017.9 221 1452.7 316 846
480 996.6 213 1422.1 306 864
490 976.2 204 1393.0 291 882

500 956.7 195 1.5 3.6 17.5 1365.1 279 2.1 5.1 24.8 900
510 937.9 188 1338.3 268 918
520 919.8 181 1312.4 259 936
530 902.2 176 1287.6 248 954
540 885.7 165 1263.8 238 972

Table 1510.03 DENSITY (p in slugs/ft 3) for dry and moist air (Continued)
(See Section 1500.3 for definition of residuals)



NAVORD REPORT 1488 (Vol;Lme 5) HANDBOOK OF SUPERSONIC AERODYNAMICS
1510.03-11 Properties of Gases 1 August 1953

1.0 Atmosphere Pressure 4.0 Atmospheres Pressure

p Residuals, for mole p Residuals, for mole
5 moisture content % moisture content

xPl0 -A 0.1 1.0 5.0 p xl0 -A 0.1 1.0 5.0 T
(K) __ (°R)

550 124.50 230 497.39 922 990
560 122*26 224 488.49 890 1008
570 120.10 216 479.92 857 1026
580 118.05 205 471.64 828 1044
590 116.04 201 463.65 799 1062

600 114.11 193 o17 o44 2o12 455.92 773 *68 1.74 8.44 1080
610 112.25 186 448.44 748 1098
620 110.42 183 441.21 723 1116
630 108o69 173 434.20 701 1134
640 106.98 171 427.42 678 1152

650 105*33 165 420.84 658 1170
660 103.75 158 414.46 638 1188
670 102*19 156 408.28 618 1206
680 100.68 151 402.28 600 1224
690 99*23 145 396.45 583 1242

700 97.80 143 .15 .37 1.83 390.78 567 058 1.44 7020 1260
710 96.42 138 385.28 550 1278
720 9509 133 379.93 535 1296
730 93079 130 374.73 520 1314
740 92*53 126 369.66 507 1332

750 91.30 123 364.74 492 1350
760 90.10 120 359.94 480 1368
770 88.92 118 355.27 467 1386
780 87079 113 350.72 455 1404
790 86.66 113 346.28 445 1422

800 85.56 108 .13 .33 1.59 341.95 433 .53 1.30 6.32 1440
850 80.56 502 321.85 2010 1530
900 76.07 449 ell .29 l142 303.98 1787 .42 1.10 5.62 1620
950 72.073 400 288.00 1598 1710

1000 68.470 3603 .103 .267 1.278 273.61 1439 *40 1.03 5005 1800

1050 65.211 3259 260.59 1302 1890
1100 62.245 2966 .094 *238 1.155 248.75 3184 037 .95 4o61 1980
1150 59.540 2705 237.95 1080 2070
1200 57.059 2481 .086 .221 1.064 228.04 991 .34 .87 4.23 2160
1250 54.778 2281 218.93 911 2250

1300 52.671 2107 o079 e201 0985 210.51 842 *32 e79 3.90 2340
1350 50.721 1950 202.72 779 2430
1400 48.910 1811 .076 *189 .913 195.49 723 .29 .75 3.63 2520
1*50 47o224 1686 188.75 674 2610
1500 45.651 1573 .071 .182 .857 182.47 628 *28 .71 3.39 2700

1550 44.178 1473 175.58 589 2790
1600 42.798 1380 .074 .161 .804 171.07 551 *26 065 3.19 2880
1650 41.501 1297 165.89 518 2970
1700 40.279 1,222 .062 .156 9757 161.01 488 @24 .61 3.00 3060
1750 39.130 1149 156.41 460 3150

Table 1510.03 DENSITY (p in slugs/ft 3 ) for dry and moist air (Continued)
(See Section 1500.3 for definition of residuals)



1 August 1953 Density 1510.03-12

7.0 Atmospheres Pressure 10-0 Atmospheres Pressure

p Residuals, for mole p Residuals, for mole
5  % moisture content 5 % moisture content

T p xl0 0.1 1.0 5.0 p xlO -. 0.1 1.0 5.0 T
(°K) (OR)

550 869.4 163 1240.7 231 990
560 853.8 156 1218.4 223 1008
570 839.0 148 1197.0 214 1026
580 824.4 146 1176o5 205 1044
590 810.4 140 1156*4 201 1062

600 796.8 136 1.2 3.0 14.7 1137.1 193 1.7 4.3 20.9 1080
610 783.8 130 111805 186 1098
620 771.3 125 1100.4 151 1116
630 759.0 123 1082.9 175 1134
640 747.12 119 1066.1 168 1152

650 735.63 1149 1049.8 163 1170
660 724o47 1116 1033.7 161 1186
670 713.65 1082 1018.4 153 1206
680 703.16 1049 1003.3 151 1224
690 692.98 1018 988.8 145 1242

700 683.09 989 1.06 2.49 12.51 974e7 141 1.5 3.5 17.8 1260
710 673.46 963 960.9 138 1278
720 664.12 934 947.6 133 1296
730 655*04 908 934*6 130 1314
740 646.19 885 922.0 126 1332

750 637.58 861 909.8 122 1350
760 629.20 838 897.7 121 1368
770 621.02 818 886.2 115 1386
780 613.07 795 874.9 113 1404
790 605*31 776 863*8 111 1422

800 597.76 755 .87 2*26 11.00 853*0 108 1.2 3*2 15.6 1440
850 562.64 3512 802*9 501 1530
900 531.40 3124 .75 1.93 9.77 758.5 444 1.1 2.8 13.9 1620
950 503.48 2792 718.6 399 1710

1000 478*34 2514 .71 1.82 8.83 682.7 359 1.0 2.5 12.5 1800

1050 455*58 2276 650*3 324 1890
1100 434*90 2068 .65 1.66 8.05 620*7 296 .9 2.4 11.5 1980
1150 416.04 1886 593.9 268 2070
1200 398.73 1731 .62 1.52 7.38 569.0 249 .9 2.2 10.5 2160
1250 382.79 1594 546.5 225 2250

1300 368*09 1470 *54 1.35 6*78 525.4 211 .8 1.9 9.7 2340
1350 354.49 1360 506.1 193 2430
1400 341.85 1264 050 1.30 6*32 488.0 181 .7 1.9 9.0 2520
1450 330.08 1177 471.2 168 2610
1500 319.09 1099 @47 1021 5.90 455.4 158 .7 1.7 8*4 2700

1550 308.80 1029 439.1 163 2790
1600 299.17 963 .44 1.16 5o55 427.0 121 .6 1.6 7.g 2880
1650 290.11 906 414.0 130 2970
1700 281.58 853 .41 1.04 5.23 401.9 121 .6 1.5 7.5 3060
1750 273.55 803 390.6 113 3150

Table 1510.03 DENSITY (p in slugs/ft 3 ) for dry and moist air (Continued)
(See Section 1500.3 for definition of residuals)



NAVORD REPORT 1488 (Volume 5) HANDBOOK OF SUPERSONIC AERODYNAMICS
1510.03-13 Properties of Gases I August 1953

1.0 Atmosphere Pressure 4.0 Atmospheres Pressure

SResiduals, for mole p Residuals, for mole
5 moisture content 5 % moisture content

T pxl0 -X 0.1 1.0 5.0 p xl0 -a 0.1 1.0 5.0 T
(OK) (OR)

1800 38.041 1089 .059 .147 *716 152.07 434 .23 .59 2.84 3240
1850 37e012 1029 147.96 411 3330
1900 36.039 973 *058 .142 *679 144.07 389 .23 e57 2.70 3420
1950 35.113 926 140.38 369 3510
2000 34.235 876 .055 *135 *650 136.87 351 *21 .54 2.58 3600

2050 339394 841 133.52 335 3690
2100 32*597 797 .055 @134 .630 130.33 319 .22 e53 2.49 3780
2150 31.834 763 127.30 303 3870
2200 31.109 725 .058 .133 .612 124.41 289 .22 .52 2.40 3960
2250 30.406 703 121.63 278 4650

2300 29.736 670 .059 *135 .599 118.96 267 .21 .50 2.32 4140
2350 29.094 642 116.41 255 4230
2400 28.472 622 .062 .133 .593 113.96 245 .22 .50 2.28 4320
2450 27.875 597 111.60 236 4410
2500 27.298 577 .065 .138 .593 109.33 227 .22 .51 2.25 4500

2550 26.738 560 107.14 219 4590
2600 26.196 542 *068 .144 .599 105.02 212 .24 .52 2.24 4680
2650 25.667 529 102.96 206 4770
2700 25.150 517 .074 *150 .614 100.98 198 .26 e53 2.25 4860
2750 24.651 499 99.049 193 4950

2800 24.161 49C .081 .162 .643 97.185 1864 .266 .563 2.294 5040
2850 23.680 481 95.356 1829 5130
2900 23.205 475 .088 .175 .686 93.575 1781 .288 .589 2.362 5220
2950 22.736 469 91.833 1742 5310
3000 22.270 466 .094 .186 s725 90.125 1708 .312 .618 2.428 5400

3100 21.361 909 .098 .200 s779 86.784 3341 .320 .648 2.532 5580
3200 20.476 885 *103 .209 *839 83.58.3 3201 .340 .688 2.662 5760
3300 19.611 865 .106 .220 .902 80.469 3114 .352 .721 2*816 5940
3400 18.770 841 .110 .228 .959 77.441 3028 .368 .754 2.984 6120
3500 17.961 809 *112 .232 1.010 74.493 2948 .383 .783 3.163 6300

3600 17.187 774 *115 .237 1.049 71.618 2875 .386 .804 3.328 6480
3700 1*6455 732 .114 .237 1.076 68.830 2788 .395 .819 3.489 6660
3800 15.768 687 .114- .239 1.091 66.146 2684 .398 .838 3.631 6840
3900 15.127 641 .114 .237 1.095 63.569 2577 .404 .843 3.738 7020
4000 14.526 601 .112 .234 1.090 61.113 2456 .403 .849 3.826 7200

4100 13.962 564 *110 .230 1.076 58.790 2323 .409 .855 3.881 7380
4200 13.426 536 .108 .224 1.052 56.580 2210 .408 .849 3.904 7560
4300 12.913 513 .105 .218 1.023 54.495 2085 .405 .846 3.902 7740
4400 12.416 497 .101 .210 .989 52.513 1982 .404 .835 3.873 7920
4500 11.929 487 .097 .202 o951 50.621 1892 .391 .821 3.820 8100

4600 11.451 478 .092 .193 .908 48.805 1816 .386 .801 3.742 8280
4700 10.978 473 .088 .183 .862 47.051 1754 .373 .782 3.648 8460
4800 10.510 468 .083 .172 .816 45.348' 1703 .365 e755 3o538 8640
4900 10.048 462 .079 .163 .767 43.679 1669 .348 .726 @.413 8820
5000 9.5931 455 .0724 .1503 .7161 42.043 1636 .331 .697 3.280 9000

Table 1510.03 DENSITY (p in slugs/ft 3) ) for dry and moist air (Continued)
(See Section 1500.3 for definition of residuals)



1 August 1953 Density 1510.03-14

7.0 Atmospheres Pressure 10.0 Atmospheres Pressure

p Residuals, for mole p Residuals, for mole
5 % moisture content 5 % moisture content

T pxl0 -6 0.1 1.0 5.0 p xl0 -. 0.1 1.0 5.0 T
(°K) I ( °R)
1800 265*95 760 *39 1.03 4@94 379.6 110 &6 1.5 7;1 3240
1850 258078 717 369*6 100 3330
1900 251698 680 *39 .97 4.70 359.8 98 *6 1o4 6.7 3420
1950 245*53 645 350.5 93 3510
2000 239*38 615 .37 .94 4*49 341.7 88 .5 1,4 6.4 3600

2050 233.56 582 333.4 83 3690
2100 227.99 557 .38 *92 4.32 325.4 80 .5 1.3 6o1 3780
2150 222.70 529 317.9 75 3870
2200 217.63 507 037 .88 4.15 310.9 70 .5 1.2 5.9 3960
2250 212.76 487 303.8 71 4050

2300 208.12 464 ,35 e84 4.01 297.3 65 o5 1.2 5.7 4140
2350 203.65 447 290.8 65 4230
2400 199.39 426 .37 .84 3.94 284.8 60 .5 1.2 5.6 4320
2450 195.27 412 279.0 58 4410
2500 191.31 396 .37 .86 3.87 273.2 58 o5 1.2 5.5 4500

2550 187.52 379 267.7 55 4590
2600 163083 369 .39 .88 3.83 262.7 50 .6 1.2 5.4 4680
2650 180.27 356 257.4 53 4770
2700 176.83 344 .42 ,90 3o83 252.7 47 .6 1.2 5.4 4860
2750 173.50 333 247.9 48 4950

2800 170.26 324 e43 o94 3*88 243.4 45 .6 1.3 5.4 5040
2850 167.10 316 238.9 45 5130
2900 164.04 306 .46 .97 3.93 234.6 43 .6 1.3 5.5 5220
2950 161.05 299 230.3 43 5310
3000 158.12 293 .51 1.02 4.03 226.1 42 .7 1.4 5.6 5400

3100 152.44 568 e52 1.05 4.16 218.15 79 *71 1.44 5.73 5580
3200 147.01 543 .55 1.12 4.32 210.53 762 .75 1.52 5.92 5760
3300 141.75 526 ,57 l116 4.52 203.17 736 ,79 1.58 6.16 5940
3400 136o67 508 .59 l122 4.76 196.08 709 o81 1.65 6.45 6120
3500 131.72 495 .62 1.27 5*02 189.18 690 .85 1.72 6.76 6300

3600 126.88 484 *62 1.30 5.27 182.45 673 .84 1.15 7.06 6480
3700 122.19 469 .64 1.33 5.53 175.93 652 o87 1.82 7.42 6660
3800 117,64 455 *65 1,36 5#78 169o58 635 o89 1,86 7*76 6840
3900 113:24 440 :67 1:38 5:99 163:43 615 :91 1:87 8:06 7020
4300 109017 423 o657 1.39 618 157849 594 892 191 8.634 7200

4100 104.97 404 .68 1.41 6.32 151.79 570 .93 1.94 8.57 7380
4200 101.11 386 .68 1.42 6.43 146.31 548 .94 1.95 8.76 7560
4300 97.444 367 .679 1.417 6.490 141.09 522 .94 1.96 8.89 7740
4400 93.959 3485 .679 l1416 6.501 136.11 498 .94 1.96 8.96 7920
4500 90.637 3322 *669 lo403 6.477 131.35 476 093 1.95 8.98 8100

4600 87.459 3178 .664 1.378 6.413 126.80 455 .93 l193 8.95 8280
4700 84.413 3046 .649 1.359 6o317 122.45 435 091 1.91 8.87 8460
4800 81.478 2935 .638 1.327 6.188 118o27 418 .90 1.88 8.75 8640
4900 78*623 2855 e613 1.284 6*027 114.23 404 *87 1.83 8.58 8820
5000 75.848 2775 .596 1.253 5.857 110.31 392 .85 1.80 8.38 9000

Table 1510.03 DENSITY (p in slugs/ft 3 ). for dry and moist air (Continued)
(See Section 1500.3 for definition of residuals)



NAVORD REPORT 1488 (Volume 5) HANDBOOK OF SUPERSONIC AERODYNAMICS
1510.03-15 Properties of Gases 1 August 1953

10.0 Atmospheres Pressure 40.0 Atmospheres Pressure

p Residuals, for mole p Residuals, for mole
5 % moisture content 5 moisture content

T Pxl0 -a 0.1 1.0 5.0 pxl0 -.1 0.1 1.0 5.0 T(oK) (OR)

110 7561.8 198
120 6557.9 10039 216
130 5847.7 7102 234
140 5305.5 5422 252

150 4868.9 4366 26750. 270
160 4507.9 3610 22270. 4480 288
170 4202.0 3059 19610. 2660 306
180 3938.8 2632 17721. 1889 324
190 3709.0 2298 16263. 1458 342

200 3506.5 2025 15086. 1177 360
210 3326.1 1804 14105. 981 378
220 3164.6 1615 13267. 838 396
230 3018.5 1461 12542. 725 414
240 2886.1 1324 11903. 639 432

250 2765.1 1210 11336. 567 450
260 2654.2 1109 10826. 510 468
270 2552.1 1021 10365. 461 486
280 2458.0 941 9946. 419 504
290 2370.7 873 9564. 382 522

300 2289.4 813 3.3 8.3 40.3 9213. 351 540
310 2213.9 755 8887. 326 558
320 2143.2 707 8586. 301 576
330 2076.9 663 8307. 279 594
340 2014.7 622 8046. 261 612

350 1956.2 585 7802.1 244 630
360 1901.0 552 7573.6 2285 648
370 1849.1 519 7358.8 2148 666
380 1799e7 494 7156.3 2025 684
390 1753.0 467 6965.7 1906 702

400 1708.9 441 2.6 6.3 30.7 6785.0 1807 720
410 1666.7 422 6615.9 1711 738
420 1626.8 399 6451.8 1621 756
430 1588.7 381 6297.8 1540 774
440 1552.3 364 6151.0 1468 792

450 1517.4 349 6011.2 1398 810
460 1484.3 331 5878.0 1332 828
470 1452.7 316 5750.8 1272 846
480 1422.1 306 5628.9 1219 864
490 1393.0 291 5512.5 1164 882

500 1365.1 279 2.1 5.1 24.8 5400.8 1117 7.1 "17.9 89.3 900
510 1338.3 268 5293.7 1071 918
520 1312.4 259 5190.8 1029 936
530 1287.6 248 5092.0 988 954
540 1263.8 238 4997.1 944 972

Table 1510.03 DENSITY (p in slugs/ft 3 ) for dry and moist air (Continued)
(See Section 1500.3 for definition of residuals)



I August 1953 Density 1510.03-16

70.0 Atmospheres Pressure 100.0 Atmospheres Pressure

p Residuals, for mole p Residuals, for mole

5 moisture content moisture content

T pxl0 -_ 0.1 1.0 5.0 p xl0 -4 0.1 1.0 5.0 T

(°K) (OR)

180 35280. 54770. 324

190 31204. 4080 47420. 7350 342

200 28266. 2938 42251. 5170 360

210 25995. 2271 38400. 3851 378

220 24161. 1834 35374. 3026 396

230 22628. 1533 32913. 2461 I 414

240 21324. 1304 30853. 2060 432

259 20192* 1132 29092* 1761 450

260 19196. 996 27564. 1528 468

270 18310. 886 26221. 1343 486

280 17515. 795 25024. 1197 504

290 16798. 717 23953. 1071 522

300 16143. 655 22985. 968 540

310 15546* 597 22102* 883 558

320 14996. 550 21296. 806 576

330 14487. 509 20553. 743 594

340 14015. 472 19866. 687 612

350 13576. 439 19231. 635 630

360 13167* 409 18639. 592 648

370 12783* 384 18087. 552 666

380 12424. 359 17570. 517 684

390 12086. 338 17084. 486 702

400 11765* 321 16627. 457 720

410 11463* 302 16195. 432 738

420 11177. 286 15789. 406 756

430 10906. 271 15403. 386 774

440 10651. 255 15036. 367 792

450 10405. 246 14690. 346 810

460 10174. 231 14359. 331 828

470 9951. 223 14043. 316 846

480 9737. 214 13742. 301 864

490 9537. 200 13456. 286 882

500 9341. 196 13180. 276 900

510 9155. 186 12919. 261 918

520 8977. 178 12665. 254 936

530 8804. 173 12424v 241 954

540 8641. 163 12191. 233 972

Table 1510.03 DENSITY (p in slugs/ft 3 ) for dry and moist air (Continued)
(See Section 1500.3 for definition of residuals)



NAVORD REPORT 1488 (Volume 5) HANDBOOK OF SUPERSONIC AERODYNAMICS
1510.03-17 Properties of Gases I August 1953

10.0 Atmospheres Pressure 40.0 Atmospheres Pressure

p Residuals, for mole p Residuals, for mole
5 moisture content 5% moisture content

(TK px10 -X 0.1 1.0 5.0 pxl0 -X 0.1 1.0 5.0 T
(OK) (OR)

55C 1240.7 231 4905*5 921 990
560 1218.4 223 4817.5 880 1008
570 1197.0 214 4732.7 848 1026
580 1176.5 205 4650.9 818 1044
590 1156s4 201 4571.8 791 1062

600 1137. 193 1.7 4.3 20.9 4495.3 765 6.0 15.9 76.4 1080
610 1118.5 186 4421.6 737 1098
620 1100.4 k8l 4350.3 713 1116
630 1082.9 175 4281.1 692 1134
640 1066.1 168 421403 668 1152

650 1049.8 163 4149.6 647 1170 0
660 103397 161 4086.9 627 1188
670 1018.4 153 4025.9 610 1206
680 100303 151 3966.7 592 1224
690 988.8 145 3909.5 572 1242

700 974o7 141 1.5 3o5 17.8 3853.8 557 5.7 13.7 66.4 1260
710 960.9 138 3799.6 542 1278
720 947.6 133 3747.1 525 1296
730 934.6 130 3696.0 511 1314
740 922.0 126 3646.3 497 1332

750 909.8 122 3597e9 484 1350
760 897.7 121 3550.9 470 1368
770 886.2 115 3505.0 459 1386
780 874.9 113 3460.1 449 1404
790 863.8 ill 3416.7 434 1422

800 853.0 108 1.2 3.2 15.6 3374.3 424 4.2 12.0 58.4 1440
850 802.9 501 3177.1 1972 1530
900 758.5 444 1.1 2.8 13.9 3001.7 1754 4.1 10.9 53.0 1620
950 718.6 399 2844.9 1568 1710

1000 682.7 359 1.0 2.5 12.5 2703.9 1410 3.9 9.7 48.0 1800

1050 650.3 324 2576.2 1277 1890
liCO 620.7 296 .9 2.4 11.5 2460.0 1162 3.8 8.9 43.7 1980
1150 593.9 268 2353.9 1061 2070
12C0 569.0 249 .9 2.2 10.5 2256.6 973 3.3 8.2 40.1 2160
1250 546.5 225 2167.2 894 2250

1300 525.4 211 .8 1.9 9.7 2084.5 827 3.1 7.7 37.3 2340
1350 506.1 193 2007.9 766 2430
1400 488.0 181 .7 1.9 9.0 1936.9 710 2.7 7.1 34.6 2520
1450 471.2 168 1870.7 662 2610
1500 455.4 158 o7 1.7 8.4 1808.7 620 2.6 6.5 32.5 2700

1550 439.1 163 1751.0 577 2790
1600 427.0 121 .6 1.6 7.9 1696.6 544 2.7 6.3 30.7 2880
1650 414.0 130 1645.4 512 2970
1700 401.9 121 .6 1.5 7.5 1597.5 479 2.2 5@7 28.8 3060
1750 390.6 113 1552.3 452 3150

Table 1510.03 DENSITY (p in slugs/ft 3 ) for dry and moist air (Continued)
(See Section 1500.3 for definition of residuals)



1 August 1953 Density 1510.03-180
70.0 Atmospheres Pressure 100.0 Atmospheres Pressure

p Residuals, for mole p Residuals, for mole
5 % moisture content 5 % moisture content

T pxl0 -a 0.1 1.0 5.0 p xl0 -A 0.1 1.0 5.0 T
(OK) (OR)

550 8483. 158 11968. 223 99C
560 8330. 153 11752. 216 1008
570 8182. 148 11546. 206 1026
580 8041. 141 11346. 200 1044
590 7903. 138 11152. 194 1062

600 7772.0 131 10967. 185 1080
610 7644.6 1274 10789.. 178 1098
620 7521.6 1230 10615. 174 1116
630 7402.5 1191 10447. 168 1134
640 7287.1 1154 10284. 163 1152

650 7175.4 1117 10126. 158 1170
660 7067.0 1084 9976. 150 1188
670 6962.1 1049 9828. 148 1206
680 6860.5 1016 9685a 143 1224
690 6761.7 988 9547o 138 1242

700 6665.6 961 9411. 136 1260
710 6572.5 931 9281. 130 1278
720 6481.7 908 9153. 128 1296
730 6393.6 881 9027. 126 1314
740 6308.1 855 8907. 120 1332

750 6224.5 836 8791. 116 1350
760 6143.5 810 8676. 115 1368
770 6064.4 791 8566. 110 1386
780 5987.4 770 8458. 108 1404
790 5912.4 750 8352. 106 1422

800 5839.4 730 7.3 19.9 96.4 8249.2 103 1440
850 5499.9 3395 7772.5 4767 1530
900 5198.6 3013 6.8 18.1 87.7 7348.8 4237 1620
950 4928.4 2702 6969.7 3791 1710

1000 4685.5 2429 6.7 16.4 79.6 6628.4 3413 1800

1050 4465.5 2200 6319.3 3091 1890
1100 4265.5 200C 6.1 15.0 73.0 6038.1 2812 7.8 20.1 99.3 1980
1150 4082.8 1827 5781.2 2569 2070
1200 3915.2 1676 5.6 13.6 67.0 5545.6 2356 7.3 18.4 90.8 2160
1250 3760.9 1543 5328.3 2173 2250

1300 3618.4 1425 5.1 13.0 62.4 5127.8 2005 6.7 17.6 85.2 2340
1350 3486.2 1322 4941.7 1861 2430
1400 3363.5 1227 4.7 12.2 58.2 4768.8 1729 6.4 16.7 79.8 20
1450 3249.4 1141 4607.7 1611 2610
1500 3142.5 1069 4.4 10.9 54.8 4457.4 1503 6.1 15.2 75.5 2700

1550 3r42.*6 C' 4316.2 1412 2790
1600 2948.8 938 4.8 10.6 51.7 4183.7 1325 6.7 14.9 71.6 2880
1650 2860.5 883 4059.3 1244 2970
1700 2777.4 831 3.8 9.7 48.5 3942.1 1172 5.1 13.5 66.6 3060
1750 2699.1 783 3831.7 1104 3150

Table 1510.03 DENSITY (p in slugs/ft 3 ) for dry and moist air (Continued)
(See Section 1500.3 for definition of residuals)



NAVORD REPORT 1488 (Volume 5) HANDBOOK OF SUPERSONIC AERODYNAMICS
1510.03-19 Properties of CI.*s 1 August 1953

10.0 Atmospheres Pressure 40.0.Atmospheres Pressure
p Residuals, for mole p Residuals, for mole

5 % moisture content 5 % moisture content
T pxl0 -X 0.1 1.0 5.0 p xl0 -a 0.1 1.0 5.0 T
OK) __ (OR)

1800 379.6 110 .6 1.5 7.1 1509.4 429 2.1 5.5 27.2 3240
1850 36906 100 1469.0 404 3330
1900 359.8 98 .6 1.4 6o7 1430.6 384 2,2 5.3 26.1 3420
1950 350.5 93 1394.2 364 3510
2000 341.7 88 e5 1.4 6o4 1359.6 346 2.1 5.1 24.8 3600

2050 333.4 83 1326.5 331 3690
2100 325.4 80 .5 1.3 6.1 1295.1 314 1.8 4.9 23.7 3780
2150 317.9 75 1265.3 298 3870
2200 310.9 70 .5 1.2 5.9 1236.7 286 1.9 4,7 22e9 3960
2250 303.8 71 1209.3 274 4050

2300 297.3 65 .5 1.2 5.7 1183.2 261 1.8 4.6 22.1 4140
2350 290.8 65 1158.1 251 4230
2400 284.8 60 o5 1.2 5.6 1134.1 240 1.8 4o4 21.4 4320

2450 279.0 58 1111.0 231 4410
2500 273.2 58 .5 1.2 5.5 1086.6 224 1.9 4.5 20.9 4500

2550 267.7 55 106703 213 4590
2600 262.7 50 .6 1.2 5.4 1046.7 206 1.9 4.4 20.5 4680
2650 257.4 53 1026.9 198 4770
2700 252.7 47 .6 1.2 5.4 1007.9 190 2.0 4.5 20.2 4860
2750 247.9 48 989.5 184 4950

2800 243e4 45 .6 1.3 5s4 971.5 180 2.1 4.6 20.1 5040
2850 238.9 45 954.2 173 5130
2900 234.6 43 .6 1.3 5.5 937.4 168 2.1 4.6 20.0 5220
2950 230.3 43 920.8 166 5310
3000 226.1 42 .7 1.4 5.6 905.0 158 2.3 4o9 20.1 5400

3100 218.15 79 .71 1.44 5.73 873.88 311 2.40 4.93 20.28 5580
3200 210.53 762 .75 1.52 5.92 844.98 2890 2.43 5.07 20.56 5760
3300 203.17 736 .79 1.58 6.16 817.41 2757 2.57 5.26 21.02 5940
3400 196.08 709 .81 1.65 6.45 791,09 2632 2.70 5.46 21.60 6120
3500 189.18 690 .85 1.72 6.76 765.75 2534 2.79 5.66 p2o19 6300

3600 182.45 673 .84 1.75 7.06 741.27 2448 2.77 5.72 22.76 6480
3700 175.93 652 e87 1.82 7.42 717.73 2354 2.89 6000 23.59 6660
3800 169.58 635 .89 1.86 7.76 694.88 2285 2.95 6.11 24.42 6840
3900 163.43 615 .91 1.87 8.06 672.75 2213 3.04 6.25 25.32 7020
4000 157.49 594 .92 1.91 8.34 651.20 2155 3.09 6.32 26.17 7200

4100 151.79 570 e93 1.94 8.57 630s27 2093 3.13 6.44 27.01 7380
4200 146.31 548 e94 1.95 8.76 609.93 2034 3.17 6.53 27.92 7560
4300 141.09 522 .94 1.96 8.89 590.16 1977 3.19 6.68 28.71 7740
4400 136.11 498 .94 1.96 8.96 570.99 1917 3.16 6.73 29.39 7920
4500 131.35 476 o93 1.95 8.98 552o50 1849 3.28 6.81 30.08 8100

4600 126.80 455 *93 1.93 8.95 534.61 1789 3.26 6.84 30.61 8280
4700 122o45 435 .91 1.91 8.87 517.40 1721 3.26 6.85 30.98 8460
4800 118.27 418 .90 1.88 8.75 500.87 1653 3*25 6.84 31.26 8640
4900 114.23 404 .87 1983 8.58 484.96 1591 3.26 6.80 31.33 8820
5000 110.31 392 .85 1.80 8.38 469.53 1543 3.21 6.76 31.27 9000

Table 1510.03 DENSITY (p in slugs/ft 3 ) for dry and moist air (Continued) O
(See Section 1500.3 for definition of residuals)



1 August 1953 Density 1510.03-20

70.0 Atmospheres Pressure 100.0 Atmospheres Pressure

p Residuals, for mole p Residuals, for mole
5 moisture content 5 moisture content

T pxl5 -X 0.1 1.0 5.0 pxl0 -A 0.1 1.0 5.0 T
(OK) (*R)

1800 2625.1 74C 3.3 9.1 45.9 3727.6 1041 5.0 12.6 63o6 3240
1850 2555o4 697 3628.7 989 3330
1900 2489.1 663 3.7 8.9 44.2 3534.9 938 5.2 12.1 61.1 3420
1950 2425*9 632 3445.8 891 3510
2000 2366.0 599 3.6 8.7 42.1 3361.5 843 4.9 12.0 58.6 3600

2050 2309.0 570 3280.7 808 3690
2100 2254.6 544 3.1 8.3 40.2 3204.0 767 4.4 11.6 55.9 3780
2150 2202.6 520 3130.7 733 3670
2200 2153.2 494 3.2 7.9 38.8 3060.7 700 4.5 11.1 54.0 3960
2250 2105.8 474 2993.5 672 4050

2300 2060e6 452 3.1 8.1 37.6 2929.5 640 4.5 11.6 52.5 4140
2350 2017.0 436 2867.8 617 4230
2400 1975.3 417 3.1 7.6 36.3 2808.8 590 4.3 10.6 50.5 4320
2450 1935.4 399 2752.3 565 4410
2500 1896.8 386 3.3 7.6 35.4 2697.9 544 497 10.4 49.2 4500

2550 1859.9 369 2645.5 524 4590
26C0 1824.3 356 3.2 7,4 34.7 2595.0 505 4.5 10.3 48.3 4680
2650 1790.2 341 2546.6 484 4770
2700 1757.0 332 3e3 7.6 34.2 2499.7 469 4.6 10.4 47.3 4860
2750 1724.9 321 2454.8 449 4950

2800 1694.1 308 3.5 7.6 33.7 2411.1 437 4.9 10.5 46.6 5040
2850 1664.2 299 2368.7 424 5130
2900 1635.1 291 3.4 7.6 33.8 2327.6 411 4.7 10.5 46.9 5220
2950 1606.7 284 2287.7 399 5310
3000 1579.4 273 3.6 799 33.5 2249.0 387 4.9 10.8 46.1 5400

3100 1524.7 547 3.9 8.1 33.7 2170.2 788 5.2 11.1 46.2 5580
3200 1475.2 495 3.9 8.2 33.9 2100.5 697 5.1 11.1 46.3 5760
3300 1428.2 470 4.1 8.6 3495 2034.6 659 595 11.7 47.1 5940
3400 1383.3 449 4.4 8.9 35.2 1971.6 630 6.0 12.1 47.9 6120
3500 1340.3 430 4.6 9.1 36.0 1911.4 602 6.1 12.3 48.9 6300

3600 1298.9 414 4.6 9.3 36.8 1853.5 579 6.3 12.7 50.0 6480
3700 1259.1 398 4.7 9o7 37.9 1797.7 558 6.4 13.1 51.4 6660
3800 1220.6 385 4.8 9.9 39.2 1744.0 537 6.5 13.5 53.1 6840
3900 1183.4 372 5.0 10.4 40.5 1692.0 520 6.8 14.3 54.7 7020
4000 1147.2 362 5.0 10.3 41.7 1641.5 505 6.7 14.0 56.2 7200

4100 1112.1 351 5.1 10.4 42.9 1592.9 486 6.9 14.2 57.8 7380
4200 1078.1 340 5.1 10.6 44.3 1545.7 472 7.0 14.5 5995 7560
4300 1045.0 331 5.2 10.9 45@5 1500.0 457 7.1 14.8 61.1 7740
4400 1012.8 322 5.2 11.0 46.7 1455.5 445 7.1 15.0 62.7 7920
4500 981.64 312 5.35 11.09 48.01 1412.3 432 7.3 15.1 64.5 8100

4600 951.33 3031 5.35 11.18 49.03 1370.4 419 7.4 15.2 659-1 8280
4700 921.98 2935 5.33 11.16 49.81 1329.5 409 7.2 15.2 66.9 8460
4800 893.68 2830 5.33 11.20 50.54 1290.0 395 793 15.2 68*0 8640
4900 866.33 2735 5.37 11.22 51.02 1251.7 383 7.3 15.3 68.9 8820
5000 839.76 2657 5.33 11.24 51.36 1214.4 373 7.2 15.3 69.6 9000

Table 1510.03 DENSITY (p in slugs/ft 3) for dry and moist air (Concluded)
(See Section 1500.3 for definition of residuals)



NAVORD REPORT 1488 (Volume 5) HANDBOOK OF SUPERSONIC AERODYNAMICS
1510.04-1 Properties of Gases 1 August 1953

Table 1510.04

0.01 Atmosphere Pressure

T T T H T
x10-4 x10-4

50 53.56 'j 300 5,+,5
60 64.35 7 1070 1C., 310 53,o2 16I62 558
70 75.16 1031 i;.6 32Z4 346.6 1oZo 07o
80 85.96 105; 14 3 3 3 0 5 j3 5'
90 96e75 107- 162 340 366.70 :06' 612

100 107.54 IC79 lbl 350 377*o5 106D 630
110 118s33 1070 1i0 360 366.4 1,0D5 648
120 129.12 1079 216 370 39*30 !G87 u60
130 139.91 1079 234 380 410.18 1(lob 684
140 150.69 1076 232 .3• +21o.7 .069 7022

150 161.48 107G 270 400 431.,6 1066 720
160 172.27 107-) ý I 417 44•o8R 1! 73'
170 183.06 1079 306 420 453,c4 10i3 756
180 193.84 1073 324 430 404.73 10s• 774
190 204.63 1079 342 440 475.71 lu•6 792

200 215#42 1079 360 450 486eu. i606 610
210 226.22 1080 37o 460 497o6o 1069 626
220 237.01 1079 396 470 506.70 11•2 646
230 247.81 0l3Sf 414 480 519.73 1i03 b64
240 258.60 1079 432 490 530.70 IiO o06

250 269.40 1060 450 500 541,. 117 1 Ou
260 280.19 1079 463 510 552o. 110• 91b
270 290.99 108i 486 520 56+0,0 iiii 936
280 3018"') 1%dý1 5fl4 530 575.1'1 1114 954
290 312.61 1061 522 540 566.35 1116 972

Moisture residuals at 300°K(540R)n

Mole % moisture content 0.5 1.0 5.0

HT-U' Residuals -43.7 -87.4 -444.0

Conversion Factors for Enthalpy (HT-Uo or HT)

To Convert To Having Dimension Multiply

Tabulated Value of Indicated below by

(HT-UD x10-4 (HT-Uo) x10- 4  ft 2 sec- 2  1.000000

HT x 10-4 HT X10-4  ft lbF lbM1  0.0310810

with dimensions of ft lbF molel1  0.900293
ft lbF slug-1 l 39 5

F Btu lb-1 3.99680 xl0-

Btu molelb 0.0115771

Table 1510.04 ENTHALPY (HT-Uo in ft-lbF/slug) for dry and moist air

(See Section 1500.3 for definition of residuals)



1 August 1953 Enthalpy 1510.04-2

0.01 Atmosphere Pressure

T 0HU T T H-U TO) TUo(oR) (OK) (T0 a OR)
(°)x10-4 x10-4

,50 597e52 1117 995 600 685.17 11a1 ;40
560 658.73 1121 153$ 850 944.b 594 1530
370 619.,) 1123 1026 900 1004*7 601 1620
550 631o21 1125 1044 950 1065.3 606 1710
590 642.4d 1127 1062 1i00 1126,5 612 1800

600 653.7( 113V 1000 1050 11i0,2 617 1690
613 665.11 11 3 1396 1100 1250s5 623 1980
620 676.46 1135 1110 1150 1313.3 ;28 2070
630 667o64 1136 1134 1200 1376s) 632 2160
640 693.24 1140 1152 1250 144002 637 2250

650 71()e67 1143 1170 i30C 1504eD 643 2340
660 722.12 1145 1166 1350 1569.1 646 2430
670 733.65 1146 1206 1400 1634.3 652 2520
6r0 745.a' 1 I5^ 1224 1450 169 o 5 656 2610
690 756.63 115% i142 15:0 1766.1 662 2700

700 768.19 1156 1260 1550 18B2o9 66o 2790
710 77qo77 1156 1276 1600 1900.2 673 2850
720 791.37 1160 1296 1650 1963.2 635 2970
730 803.01 1164 1314 1705 2037.5 666 3060
740 814.67 1166 1372 1750 2106.7 697 3150

750 826.36 1169 13550 100 2177.6 709 3240
760 838.07 1171 1366 1850 225C.0 724 3330
770 849.61 1174 1386 1900 2324.4 744 3420
780 861.57 1176 1404 1950 2401.3 769 3510
790 873.36 1179 1422 2000 2461.5 602 3600

2050 2566@3 848 3690
2100 2057oi 909 3760
2150 2755.5 "83 3870
2200 2862.2 1067 3960
2250 2976e. 1163 4050

O 2300 3105.3 1270 4140

Conversion Factors for Enthalpy (HT-U0 or HT)

To Convert To Having Dimension Multiply
Tabulated Value of Indicated below by

(Hr-Uý xl0-4  (Hr-UD x10-4 cal g-i1  2.22044 x10-5

HT xl0-4 HT xc0-4 cal mole- 1  6.43174 xlO-4
gin

with dimensions of joule g-1 9.29034 x10-5
ft lbF slug- 1  erg gm- 1  929.034

Table 1510.04 ENTHALPY (HT-Uo in ft-lbF/slug) for dry and moist air

(Continued) (See Section 1500.3 for definition of residuals)



NAVORD REPORT 1488 (Volume 5) 1L'NDBOOK OF SUPERSONIC AERODYNAMICS
1510.04-3 Properties of Gases 1 August 1953

0.1 Atmosphere Pressure 0.4 Atmosphere Pressure

HT-Uo Residuals, for oResiduals, for

mole % moisture content mole % moisture content

T oT-U0  0.1 1.0 5.0 HoU, 0.1 1.0 5.0 T
( K) (°04 • O)

x10- 4  _10-4

80 85.75 144

90 96.58 1083 96.01 162

100 107.40 1082 106.g9 1090 180

110 118.21 1081 117.80 1089 198
120 129.01 lOC 128.65 1085 216
130 139.81 1080 139.51 1086 234

140 150.61 1080 150.34 1083 252

150 161.40 1079 161.16 1082 270

160 172.20 1080 171.98 1082 288
170 183.00 1080 182.80 1082 306

180 193.79 1079 193.61 1081 324

190 204.58 1079 204.42 1081 342

200 215.38 1080 215.23 1081 360

210 226.17 1079 226.03 1080 378

220 236.97 1080 236.84 1081 39%

230 247.76 1079 247.64 1080 414

240 258.57 1081 258.45 1081 432

250 269.36 1079 269926 1081 450

260 280.16 1080 280.06 1080 468

270 290.96 1080 290.87 1081 486

280 301.77 1081 301.69 1082 504
290 312.58 1081 312.51 1082 522

300 323.39 1081 -43.7 -87.4 -443.9 323.32 1081 -4307 -87.4 -444.0 540
310 334.21 1082 334.14 1082 558
320 345.04 1083 344.97 1083 576
330 355.88 1084 355.81 1084 594
340 366.71 1083 366.65 1084 612

350 377.56 1085 377.51 1086 630

360 388.41 1085 388.36 1085 648
370 399.28 1087 399.24 1088 666
380 410.16 1088 410.12 1088 684
390 421.05 1089 421.01 1089 702

400 431.94 1089 -43.4 -86.9 -441.0 431.91 1090 -43o4 -86.8 -440.9 720

410 442.87 1093 442.83 1092 738

420 453*80 1093 453077 1094 756
430 464.74 1094 464*71 1094 774

440 475.70 1096 475.68 1097 792

450 486.68 1098 486.66 1098 810
460 497.67 1099 497.65 1099 828
470 508.69 1102 508.66 1101 846

480 519.72 1103 519.69 1103 864
490 530.77 1105 530.76 1107 882

500 541.84 1107 -43.1 -8&.2 -437.8 541.82 1106 -43.1 -86.2 -437.9 900

510 55ko94 1110 552.93 1111 918

520 564.05 1111 564*03 1110 936

530 575.1g 1114 575.17 1114 954

540 586.35 1116 586.33 1116 9?2

4

Table 1510.04 ENTRALPY (HT-Uo in ft-lbF/slug) for dry and moist air

(Continued) (See Section 1500.3 for definition of residuals)



1 August 1953 Enthalpy 1510.04-4

0.7 Atmosphere Pressure 1.0 Atmosphere Pressure
H.T-U 0 Residuals,. for HT~U3 Residuals, for
mole S moisture content mole % moisture content

T HT-U 0.1 1.0 5.0 oU 0.1 1.0 5.0 T
('K) -4 HTo0 (OR)

90 99.43 94.83 162

100 106*43 1100 105.94 1111 180
110 117.39 1096 116.97 1103 198
120 128.30 1091 127.91 1094 216
130 139*20 1090 138.88 1097 234
140 150.07 1087 149.77 1089 252

150 160.91 1084 160.s 1-089 270
160 171.76 1085 171.54 1088 288
170 182.60 1084 182.40 1086 306
180 193.43 1083 193.24 1084 324
190 204.25 1082 204.08 1084 342

200 215.07 1082 214.92 1084 360
210 225.89 1082 225.75 1083 378
220 236.71 1082 236.57 1082 396
230 247.52 1081 247.40 1083 414
240 258.34 1082 258.23 1083 432

250 269.15 1081 269.13 1090 450
260 279.96 1081 279.87 1074 468
270 290.78 1082 290.69 1082 466
280 301.60 1082 301.52 1083 504
290 312.42 1082 312.35 1083 522

300 323.25 1083 -43.6 -87.4 -444.0 323.1- 1082 -43.7 -87.5 -444.1 540
310 334.08 1083 334.01 1084 558
320 344.91 1083 344.85 1084 576
330 355.75 1084 355.69 1084 594
340 366.60 1085 36.55 1086 612

350 377.46 1086 377.40 1085 630
360 388.32 1086 389.27 1087 648
370 399.19 1087 399.16 1089 666
380 410.08 1089 410.03 1087 684
390 420.97 1089 42.0.93 1090 702

400 431.84 1091 -43.4 -86.8 -441.0 431.83 1090 -43.4 -86.9 -441.0 720
410 44Z,80 1092 442.76 1093 738
420 451,74 1094 453.70 1094 756
430 46..66 1094 464.65 1095 774
440 475.65 1097 475062 1097 792

450 466.63 1098 486.61 1099 810"460 49?*62 1099 497.60 1099 828
470 508.64 1102 508.62 1102 846"480 519.6? 1103 519.64 1102 864490 530.73 1106 530.71 1107 882

500 541.80 1107 -43.1 -86.2 -437.9 541.79 1108 -43.1 -86.2 -437.9 900
510 552.90 U10 552.89 1110 918
$20 564.03 1113 564.01 1112 936
530 ST5717 1114 575.15 1114 954
540 586*12 1115 566.31 1116 972

Table 1510.04 ENTHALPY (HT-Uo in ft-lbl/slug) for dry and moist air

(Continued) (See Section 1500.3 for definition of residuals)



NAVORD REPORT 1488 (Volume 5) HANDBOOK OF SUPERSONIC AERODYNAMICS
1510.04-5 Properties of Gases 1 August 1953

0.1 Atmosphere Pressure 0.4 Atmosphere Press re

HT-U, Residuals, for HT-Uo Residuals, for

mole % moisture content mole % moisture content
T A 0.1 1.0 5.0 RU, 4 0.1 1.0 5.0 T

(OK) xl0 x10-4 (R)

550 597.52 1117 597.51 1118 990
560 608.73 1121 608.72 1121 1006
570 619.96 1123 619.95 1123 1026
580 631.21 1125 631.20 1125 1044
590 642.48 1127 642.47 1127 1062

600 653.78 1130 -42.9 -85.7 -434.7 653.77 1130 -42.9 -85.6 -434.8 1080
610 665.11 1133 665.11 1134 1098
620 676.46 1135 676.45 1134 1116
630 687.84 1138 687.84 1139 1134
640 699*24 1140 699.24 1140 1152

650 710.67 1143 710.67 1143 1170
660 722.12 1145 722.12 1145 1188
670 733.60 1148 733.60 1148 1206
680 745.10 1150 745.10 1150 1224
690 756.63 1153 756.63 1153 1242

700 768.19 1156 -42.5 -85ol -43103 76e.20 1157 -42.4 -84.9 -431.2 1260
710 779.77 1158 779.78 1158 1278
720 791.37 1160 791.38 1160 1296
730 80301 1164 803.02 1164 1314
740 814.67 1166 814.67 1165 1332

750 826.36 1169 820.37 1170 1350
760 83807 1171 838.08 1171 1368
770 849.81 1174 849.82 1174 1386
780 861.57 1176 861.58 1176 1404
790 873.36 1179 873.37 1179 1422

800 885.17 1181 -42.1 -84.3 -427.9 885.19 1182 -42.2 -84.2 -427.8 1440
850 944.6 594 944.6 594 1530
900 1004.7 601 -41.8 -83.5 -424.1 1004.7 601 -41.7 -83.4 -424.0 1620
950 106503 606 1065.3 606 1710

1000 1126.5 612 -41.5 -82.7 -420.3 1126*5 612 -41.4 -82.6 -420.1 1800

1050 1188.2 617 1188.2 617 1890
1100 1250.5 623 -41.1 -82.0 -416.3 1250.5 623 -4100 -82.0 -416.3 1980
1150 1313.3 628 1313.3 628 2070
1200 1376.5 632 -40.8 -81.0 -412.2 1376.5 632 -40.6 -81.0 -412.0 21e0
1250 1440.2 637 1440.2 637 2250

1300 1504.5 643 -40.3 -80.2 -407.4 1504.5 643 -40.2 -80.2 -407.6 2340
1350 1569.1 646 1569.1 646 2430
1400 1634.2 651 -39.6 -79.3 -402.9 1634.2 651 -3907 -79.3 -402.g 2520
1450 1699.8 656 1699.8 656 2610
1500 1765.6 660 -39.1 -78.1 -397.9 1765.8 660 -39.2 -78.2 -397e9 2700

1550 1832.3 665 1832.3 665 2790
1600 1899.3 670 -38.8 -76.9 -392.3 1899.3 670 -38.4 -77.l -392.6 2880
1650 1966.9 676 1966.8 675 2970
1700 2035.1 682 -37.6 -7!o4 -386.0 2034.8 680 -37.7 -75.6 -386.6 3060
1750 2103.9 688 2103.3 685 3150

Table 1510.04 ENTHALPY (HT-rU in ft-lbF/slug) for dry and moist air

(Continued) (See Section 1500.3 for definition of residuals)



1 August 1953 Enthalpy 1510.04-60

0.7 Atmosphere Pressure 1.0 Atmosphere Pressure

HT-Uo Residuals, for HT-U0 Residuals, for

mole % moisture content mole % moisture content
T HT-Uo 1 0.1 1.0 5.0 HT-U° a 0.1 1.0 5.0 T

x10-4 x10-4  (OR)

550 597.50 1118 597949 1118 990
560 608.71 1121 608.70 1121 1008
570 619.94 1123 619.93 1123 1026
580 631.19 1125 631.18 1125 1044
590 642.47 1128 642.46 1128 1062

600 653.77 1130 -4269 -85.7 -434.8 653.77 1131 -42.g -85.7 -434.8 1080
610 665.10 1133 665.09 1132 1098
620 676.45 1135 676o44 1135 1116
630 687.83 1138 687.83 1139 1134
640 699s24 1141 699.24 1141 1152

650 710.67 1143 710.67 1143 1170
660 722.12 1145 722.12 1145 .1188
670 733.60 1148 733.60 1148 1206
680 745.10 1150 745.10 1150 1224
690 756.64 1154 756*64 1154 1242

700 768.20 1156 -42.5 -85.0 -431.4 768.21 1157 -42.5 -85.0 -431.4 1260
710 779.78 1158 779.79 1158 1278
720 791.38 1160 791*39 1160 1296
730 803*03 1165 803*04 1165 1314
740 814.68 1165 814.69 1165 1332

750 826*37 1169 826*38 1169 1350
760 838.10 1173 838.11 1173 1368
770 849.84 1174 849.85 1174 1386
780 861.58 1174 861,59 1174 1404
790 873.38 1180 873.39 1180 1422

800 885.21 1183 -42.2 -84.2 -427.8 885.21 1182 -42.2 -84.2 -427.8 1440
850 944.6 594 944*6 594 1530
900 1004.7 601 -41.8 -83.4 -424.1 1004.7 601 -41.8 -83.4 -424.0 1620
950 1065.3 606 1065.3 606 1710

1000 1126.5 612 -41.4 -82.7 -420.2 1126.5 612 -41.4 -82.7 -420.2 1800

1050 1188.2 617 1188.2 617 1890
1100 1250.5 623 -41.0 -82.0 -416.2 1250.5 623 -41.0 -81.9 -416.2 1980
1150 1313.3 628 1313.3 628 2070
1200 1376.5 632 -40.7 -81.1 -412.0 1376.5 632 -40.6 -81.1 -412.0 2160
1250 1440.2 637 1440.2 637 2250

1300 1504.5 643 -40.2 -80.2 -407.6 1504.5 643 -40.3 -80.2 -407.6 2340
1350 1569.1 646 1569.1 646 2430
1400 1634.2 651 -39.8 -79.3 -403.0 1634.2 651 -39e7 -79.3 -403.0 2520
1450 1699.8 656 1699.8 656 2610
1500 1765.8 660 -39.2 -78.2 -398.0 1765.8 660 -39.2 -78.2 -398.0 2700

1550 1832.3 665 1832.3 665 2790
1600 1899.3 670 -38.4 -7703 -392.7 1899.3 670 -38.3 -77.3 -392.8 2880
1650 1966.8 675 1966.8 675 2970
1700 2034.8 680 -37.8 -75e7 -386.8 2034.8 680 -37.8 -75.8 -387.0 3060
1750 2103.3 685 2103.3 685 3150

Table 1510.04 ENTHALPY (HT-Uo in ft-lbF/slug) for dry and moist air

(Continued) (See Section 1500.3 for definition of residuals)



NAVORD REPORT 1488 (Volume 5) HANDBOOK OF SUPERSONIC AERODYNAMICS
1510.04-7 Properties of Gases 1 August 1953

0.1 Atmosphere Pressure 0.4 Atmosphere Pressure

HT-Uo Residuals, for HT-Uo Residuals, for

mole % moisture content mole % moisture content
T IR-U? A 0.1 1.0 5.0 HT-Uo A 0.1 1.0 5.0 T(°z)- 0 0- (oR)

x10-4  xlO-4

1800 2173.3 694 -36.1 -73.1 -378.3 2172.5 692 -36.8 -73.8 -379.8 3240
1850 2243.6 703 2242.3 698 3330
1900 2314.8 712 -34.4 -70.3 -368.6 2312.7 704 -35.2 -71.5 -371.6 3420
1950 2387.3 725 2384.0 713 3510
2000 2461.2 739 -32.0 -66.2 -356.5 2456.3 723 -33.4 -68.5 -361.6 3600

2050 2536.9 757 2529.6 733 3690
2100 2614.5 776 -28.6 -60.7 -340.2 2604.2 746 -31.0 -64.5 -349.3 3780
2150 2694.6 801 2680.1 759 3870
2200 2777.8 832 -23.4 -53.3 -318.0 2757.8 777 -27.4 -59.1 -333.1 3960
2250 2864.7 869 2837.7 799 4050

2300 2956.3 916 -17.4 -43.3 -288.6 2920.1 824 -23.0 -51.9 -312.6 4140
2350 3053.1 968 3005.5 854 4230
2400 3156.1 1030 - 9.2 -29.7 -247.6 3094.1 886 -17.3 -43.1 -285.9 4320
2450 3266.5 1104 3186.7 926 4410
2500 3385.7 1192 1.2 -12.0 -191.9 3283.8 971 -10.3 -31.6 -251.4 4500

2550 3514.0 1283 3386.1 1023 4590
2600 3652.8 1388 13.2 10.1 -115.6 3493.8 1077 - 2.1 -17.3 -206.1 4680
2650 3804.5 1517 3607.6 1138 4770
2700 3969.1 1646 26.2 35.9 - 16.4 3727.9 1203 7.5 .0 -148.4 4860
2750 4148.0 1789 3855.4 1275 4950

2800 4342.2 1942 39.6 64.1 110.7 3990.7 1353 18.1 19.9 - 74.4 5040
2850 5130
2900 4773.8 4316 52.7 93.7 263.9 4312.6 3219 29.1 42.5 17.8 5220
2950 5310
3000 5270.7 4969 65.2 122.5 436.1 4668.9 3563 40.2 66.3 128.8 5400

Table 1510.04 ENTHALPY (HT-U' in ft-lbF/slug) for dry and moist air

(Contiv ed) (See Section 1500.3 for definition of residuals)



1 August 1953 Enthalpy 1510.04-80

0.7 Atmosphere Pressure 1.0 Atmosphere Pressure

HT-UO Residuals, for HT-Uo Residuals, "for
mole % moisture content mole % moisture content

T H.-U° 4 0.1 1.0 5.0 HT-U° 0.1 1.0 5.0 T
(OK) 4 41-4 (OR)

1800 2172.4 691 -36.9 -74.0 -380*3 2172.4 691 -37.0 -74.2 -380.6 3240
1850 2242.0 696 2242.0 696 3330
1900 2312.3 703 -35.5 -71.9 -372*5 2312.2 702 -35.7 -72.2 -373.1 3420
1950 238303 710 2383.1 709 3510
2000 2455.1 718 -33.9 -69.2 -363.3 2454.8 717 -34*1 -69.6 -364.2 3600

2050 2527.8 727 2527o2 724 3690
2100 2601e5 737 -31.7 -65.6 -352.0 2600*5 733 -32.0 -66.2 -353.4 3780
2150 2676.3 748 2675.0 745 3870
2200 2752.6 763 -28.4 -60.6 -337.2 2750.7 757 -29.1 -61.5 -339*6 3960
2250 2830.7 781 2827.9 772 4050

2300 2910.8 801 -24*6 -54.4 -319.3 2906.9 790 -25.5 -55.8 -323.0 4140
2350 2993.2 824 2988.0 811 4230
2400 3078.3 851 -19.6 -46.8 -296.3 3071.5 835 -20.9 -48.9 -301.9 4320
2450 3166.5 882 3157.5 860 4410
2500 3258.2 917 -13.7 -37.1 -267.1 3246.8 893 -15.5 -40.0 -275*5 4500

2550 3353*9 957 3339*4 926 4590
2600 3453.6 997 - 6.6 -24.8 -229.4 3436.1 967 - 9.1 -29.0 -241.7 4680
2650 3557.9 1043 353703 1012 4770
2700 3667.3 1094 2.1 -10.1 -182.1 3643.6 1063 - 1.2 -15.8 -199.8 4860
2750 3782.3 1150 3755.6 1120 4950

2800 3903.2 1209 11.2 6.9 -122.1 3873.9 1183 7.3 - .2 -146.9 5040
2850 3999.2 1253 5130
2900 4190.8 2876 21.1 26.5 - 46*8 4132.1 1329 16.6 17.6 - 80.5 5220
2950 4273.1 1410 5310
3000 4504.3 3135 31.95 47.6 43.3 4422.7 1496 26.4 37.0 - 2.0 54000

Table 1510.04 ENTHALPY (HT-U' in ft-lbF/slug) for dry and moist air

(Continued) (See Section 1500.3 for definition of residuals)



NAVORD REPORT 1488 (Volume 5) HANDBOOK OF SUPERSONIC AERODYNAMICS
1510.04-9 Properties of Gases 1 August 1953

0.1 Atmosphere Pressure 0.4 Atmosphere Pressure

HT Residuals, for mole HT Residuals, for mole

4 % moisture content 4 % moisture content
T HT x10 A 0.1 1.0 5.0 HT xl0 • 0.1 1.0 5.0 T

(°K) (*R)

3100 5817.0' 5463 77.1 5071.1 4022 50.8 90.7 256.6 5580
3200 5518.5 4474 61.3 114.4 398e2 5760 S
3300 6006.8 4883 71.4 138e0 548.1 5940
3400 6526.1 5193 81.3 160.5 698.6 6120
3500 7061.8 5357 91.8 182.0 838.9 6300

3600 7606.1 5443 101.1 202.0 967.7 6480
3700 8149.8 5437 110.4 220.4 1081.9 6660
3800 8690*9 5411 119.2 238.3 1180.2 6840
3900 9236.8 5459 125.7 252.7 1261.6 7020
4000 9802.6 5658 131.9 264.6 1330.5 7200

4100 10403. 600 136. 275. 1385. 7380
4200 11060. 657 141. 284. 1428. 7560
4300 11792, 732 144. 292. 1465. 7740
4400 12617. 825 148. 298. 1496. 7920
4500 13550. 933 150. 302. 1523. 8100

4600 14597. 1047 151. 307. 1545. 6280
4700 15761. 1164 155. 309. 1563. 6460
4800 17040. 1279 158. 314. 1577. 8640
4900 18426. 1386 157. 314. 1578. 8820
5000 19890. 1464 157. 311. 1569. 9000

0

Table 1510.04 ENTHALPY (HT in ft-lbF/slug) for dry and moist air (Continued) S
(See Section 1500.3 for definition of residuals)



1 August 1953 Enthalpy 1510.04-10

0.7 Atmosphere Pressure 1.0 Atmosphere Pressure

HT Residuals, for mole HT Residuals, for mole

4 % moisture content 4 % moisture content
T HT x10 - 1 0.1 1.0 5.0 HT xl0- A 0.1 1.0 5.0 T

(OK) T (°R)

3100 4857.5 3532 41.3 69.8 149.6 4743.7 3210 35.6 57.6 91.6 5580
3200 5252.2 3947 51.2 91.9 270.8 5107.4 3637 45.1 78.5 199.8 5760
3300 5687.8 4356 60.7 114.4 403.7 5510.1 4027 54.3 100.1 320.6 5940
3400 6159.1 4713 70.4 136.2 542.7 5949.1 4330 63*7 121.3 449.5 6120
3500 6655.7 4966 80.3 157.2 679*4 6416.7 4676 73.3 141.7 580.5 6300

3600 7170.3 5146 89.8 177.6 811.2 6907.1 4904 82.5 161.8 710.0 6460
3700 7693.9 5236 98.8 196.7 934*5 7412.5 5054 91.2 180.9 835*0 6660
3800 8219.5 5256 108.0 215.9 1046.3 7924*8 5123 100.4 200.4 951.7 6840
3900 8748.5 5290 115.8 232.3 1143.7 8442*8 5180 108.7 217.6 1056.7 7020
4000 9287.8 5393 123.0 246*8 1229.6 8969*3 5265 116.3 233.4 1151.8 7200

4100 9845.0 5572 128.7 259.8 1300.7 9507*8 5385 122.8 247*7 1233.2 7380
4200 10437. 592 135. 271. 1359. 10071. 563 130. 261. 1303. 7560
4300 11077. 640 139. 281. 1410. 10669. 598 135. 272. 1362. 7740
4400 11780. 703 144. 289. 1452, 11315. 646 140. 282. 1414. 7920
4500 12564. 784 147. 295. 1489. 12025. 710 144. 289. 1458. 8100

4600 13436. 872 149. 302. 1519. 12808. 783 147. 297? 1495. 8280
4700 14406* 970 153. 306. 1546. 13673* 865 151. 303. 1527. 8460
4800 15480. 1074 157. 311. 1568. 14632. 959 155. 308. 1554. 8640
4900 16658. 1178 158. 315. 1582. 15687. 1055 157. 314. 1575. 8820
5000 17932. 1274 158. 314. 1587. 16836. 1149 157. 315. 1588. 9000

Table 1510.04 ENTHALPY (HT in ft-lbF/slug) for dry and moist air (Continued)

(See Section 1500.3 for definition of residuals)



NAVORD REPORT 1488 (Volume 5) HANDBOOK OF SUPERSONIC AERODYNAMICS
1510.04-11 Properties of Gases 1 August 1953

1.0 Atmosphere Pressure 4.0 Atmospheres Pressure

HT-Uo Residuals, for VT-U' Residuals, for

mole % moisture content mole % moisture content
T A 0.1 1.0 5.0 0.1 1.0 5.0 T

(') • X10-4- •x10-4 (OR)

90 94.83 162

100 105.94 1111 180

110 116.97 1103 112051 198
120 127.91 1094 124.17 1166 216
130 138688 1097 135.60 1143 234
140 149.77 1089 146.94 1134 252

150 160.66 1089 158.13 1119 270

160 171054 1088 169.27 1114 2"8
170 182.40 1086 180.35 1108 306
100 193.24 1084 191.39 1104 324
190 204.08 1084 202.38 1099 342

200 214.92 1084 213.36 1098 360
210 225.75 1083 224.32 1096 378
220 236.57 1082 235.26 1094 396

230 247.40 1083 246.18 1092 414
240 256.23 1083 257.09 1091 432

250 269.13 1090 267.99 1090 450
260 279.87 1074 278.89 1090 468
270 290.69 1082 289,78 1089 486
280 301.52 1083 300.66 1068 504

290 312.35 1083 311*55 1089 522

300 323.17 1082 -43.7 -87.5 -444.1 322.43 1088 -43.7 -87.5 -444.4 540
310 334.01 1084 333.32 1089 558
320 344.85 1084 344.21 1089 576
330 355.69 1084 355.09 1088 594
340 366.55 1086 365.98 1089 612

350 377e40 1085 376.88 1090 630
360 388627 1087 387.78 1090 648
370 399.16 1089 398.69 1091 666
380 410.03 1087 409.61 1092 684
390 420.93 1090 420*54 1093 702

400 431.83 1090 -43,4 -8; 41.0 431.48 1094 -43.3 -86.8 -440.8 720
410 442.76 1093 442.43 1095 738
420 453.70 1094 453.39 1096 756
430 464.65 1095 464.36 1097 774
440 475.62 1097 475.34 1098 792

450 486661 1099 486635 1101 810
460 497.60 1099 497.37 1102 828
470 508.62 1102 508.41 1104 846
480 519.64 1102 519.46 1105 864
490 530.71 1107 530.54 1108 882

500 541.79 1108 -43.1 -86o2 -437.9 541.63 1109 -43.1 -86.2 -437.8 900

510 552.89 1110 552.73 1110 918
520 564.01 1112 563.87 1114 936

530 575.15 1114 575.02 1115 954

540 586.31 1116 586.20 1118 972

Table 1510.04 ENTHALPY (HT-U in ft-lbF/slug) for dry and moist air

(Continued) (See Section 1500.3 for definition of residuals)



I August 1953 Enthalpy 1510.04-12

7.0 Atmospheres Pressure 10.0 Atmospheres Pressure

HT-UZ Residuals, for HT-Uo Residuals, for

mole % moisture content mole % moisture content
T HT-U A 0.1 1.0 5.0 HT-U. A 0.1 1.0 5.0 T

(OK) 0 (O0R)
x1O04 x10-4

110 107.45 101.39 198
120 120.01 1256 115.40 1401 216
130 132.11 1210 128.35 1295 234
140 143.96 1185 140.72 1237 252

150 155.47 1151 152.74 1202 270
160 166.90 1143 164.51 1177 288
170 178.23 1133 176.10 1159 306
180 189e47 1124 187.56 1146 324
190 200.65 1118 198.92 1136 342

200 211.79 1114 210.22 1130 360
210 222.88 1109 221.44 1122 378
220 233.93 1105 232.62 1118 396
230 244.96 1103 243.75 1113 414
240 255.97 1101 254.85 1110 432

250 266*96 1099 265.92 1107 450
260 277.93 1097 276.97 1105 468
270 288.88 1095 288.00 1103 486
280 299.83 1095 299.01 1101 504
290 310.77 1094 310.01 1100 522

300 321.70 1093 -43.7 -87.6 -444.7 321.00 1099 -43.8 -87.6 -445.0 540
310 332.63 1093 331.98 1098 558
320 343.56 1093 342.95 1097 576
330 354.49 1093 353.92 1097 594
340 365.42 1093 364.89 1097 612

350 376.35 1093 375.86 1097 630
360 387.29 1094 386.83 1097 648
370 398.23 1094 397.81 1098 666
380 409.17 1094 408.79 1098 684
390 420.13 1096 419.77 1098 702

400 431.09 1096 -43.3 -86.7 -440.6 430.75 1098 -43.3 -86.7 -440.5 720
410 442.06 1097 441.75 1100 738
420 453*05 1099 452.76 1101 756
430 464.05 1100 463.78 1102 774
440 475.05 1100 474.81 1103 792

450 486.08 1103 485.85 1104 810
460 497.12 1104 496.90 1105 828
470 508.17 1105 507.98 1108 846
480 519.24 1107 519.07 1109 864
490 530.33 1109 530.17 1110 882

500 541.44 1111 -43.0 -86.2 -437.8 541.30 1113 -43.1 -86.3 -437.9 900
510 552.57 1113 552.44 1114 918
520 563.72 1115 563.60 1116 936
530 574.89 1117 574.78 1118 954
540 586.08 1119 585.98 1120 972

Table 1510.04 ENTHALPY (HT-U3 in ft-lbF/slug)for dry and moist air

(Continued) (See Section 1500.3 for definition of residuals)



NAvORD REPORT 1488 (Volume 5) HANDBOOK OF SUPERSONIC AERODYNAMICS
1510.04-13 Properties of Gases 1 August 1953

1.0 Atmosphere Pressure 4.0 Atmospheres Pressure

HT-Uo Residuals, for HT-U 0 Residuals, for

mole % moisture content mole % moisture content
T H,.-U 0 o 0.1 1.0 5.0 HT-U 0  0.1 1.0 5.0 T

(°K) x10 4  1O (OR)__ _ __ _ _ __ _ __-_ _ __ _ _ __ _ _ x1O- 4

550 597.49 1118 597.40 1120 990
560 608.70 1121 608.61 1121 1008
570 619s93 1123 619.85 1124 1026
580 631.18 1125 631.12 1127 1044
590 642.46 1128 642.41 1129 1062

600 653.77 1131 -42.9 -85.7 -434.8 653.73 1132 -42.8 -85.7 -434.7 1080
610 665.09 1132 665.07 1134 1098
620 676.44 1135 676.44 1137 1116
630 687.83 1139 687*83 1139 1134
640 699.24 1141 699.24 1141 1152

650 710.67 1143 710.67 1143 1170
660 722.12 1145 722.14 1147 116
670 733.60 1148 733.62 1148 1206
680 745.10 1150 745.13 1151 1224
690 756.64 1154 756.67 1154 1242

700 768.21 1157 -42.5 -85.0 -431.4 768.24 1157 -42.5 -85.0 -431.4 1260
710 779.79 1158 779.84 1160 1278
720 791.39 1160 791.46 1162 1296
730 803.04 1165 803.11 1165 1314
740 814.69 1165 814.78 1167 1332

750 826.38 1169 826.48 1170 1350
760 838.11 1173 838.20 1172 1368
770 849.85 1174 849.95 1175 138
780 861.59 1174 861.72 1177 1404
790 873.39 1180 873.52 1180 1422

800 885.21 1182 -42.2 -84.2 -427.8 885.34 1182 -42.2 -84.3 -427.8 1440
850 944.6 594 944.7 594 1530
900 1004.7 601 -41.8 -83.4 -424.0 1004.8 601 -41.8 -83.5 -424.1 1620
950 1065.3 606 1065.5 607 1710

1000 1126.5 612 -41o4 -82.7 -420.2 1126.7 612 -41.4 -82.7 -420.3 1800

1050 1188.2 617 1188.4 617 1890
1100 1250.5 623 -41.0 -81.9 -416.2 125007 623 -41.1 -82.0 -416.2 1980
1150 1313.3 628 1313.5 628 2070
1200 1376.5 632 -40.6 -81.1 -412.0 1376.7 632 -40.7 -81.1 -412*0 2160
1250 1440.2 637 1440.4 637 2250

1300 1504.5 643 -40.3 -80.2 -407.6 1504.6 642 -40.2 -80.2 -407.6 2340
1350 1569.1 646 1569.3 647 2430
1400 1634.2 651 -39o7 -79.3 -403.0 1634.3 650 -3997 -79.3 -403.0 2520
1450 1699.8 656 1699.9 656 2610
1500 1765.8 660 -39.2 -78.2 -398.0 1765.9 660 -39.2 -78.3 -398.2 2700

1550 1832.3 665 1832.4 665 2790
1600 189903 670 -38.3 -77.3 -392.8 1899.4 670 -38.7 -77.3 -393.1 2880
1650 1966.8 675 1967.0 676 2970
1700 2034.8 680 -37.8 -75.8 -387.0 2035.0 680 -38.0 -76.0 -387.5 3060
1750 2103.3 685 2103.4 684 3150

Table 1510.04 ENTHALPY (HT-Uo in ft-lbF/slug) for dry and moist air

(Continued) (See Section 1500.3 for definition of residuals)



1 August 1953 Enthalpy 1510.04-14

7.0 Atmospheres Pressure 10.0 Atmospheres Pressure

HT-Uo Residuals, for HT-UU Residuals, for

mole % moisture content mole % moisture content
T Ho-U0  -1 0.1 1.0 5.0 Ho-U 0.1 1.0 5.0 T( 0 K) • - v(R

xlO-4 x10-4 (R)

550 597e29 1121 597.20 1122 990
560 60R52 1123 608.44 1U24 1008
570 619.78 1126 619.71 1127 1026
580 631.06 1128 631.00 1129 1044
590 642.36 1130 642.31 1131 1062

600 653*69 1133 -42.8 -85.6 -434.7 653.65 1134 -42.8 -85.6 -434.6 1080
610 665.04 1135 665.01 1136 1098
620 676.42 1138 676.39 1138 1116
630 687.82 1140 687e80 1141 1134
640 699.25 1143 699.23 1143 1152

650 710.70 1145 710.68 1145 1170
660 722.18 1148 722.16 1148 116
670 733.67 1149 733.66 1150 1206
680 745.19 1152 745.19 1153 1224
690 756.74 1155 756.75 1156 1242

700 768.31 1157 -42.5 -85.0 -431.3 768.33 1158 -42.4 -85.0 -431.3 1260
710 779.91 1160 779.93 1160 1278
720 791.53 1162 791.56 1163 1296
730 803.17 1164 803.22 1166 1314
740 814.85 1168 814.90 1168 1332

750 826.54 1169 826.60 1170 1350
760 838o27 1173 838*33 1173 1368
770 850.01 1174 850.09 1176 1386
780 861.79 1178 861.87 1178 1404
790 873.59 1180 873.68 1181 1422

800 885.42 1183 -42.2 -84.3 -427.9 885.51 1183 -42.1 -84.2 -427.8 1440
850 944.9 595 945.0 595 1530
900 1005.0 601 -41.8 -83.5 -424.1 1005.1 601 -41.8 -83.5 -424.1 1620
950 1065.7 607 1065.8 607 1710

1000 1126.9 612 -41.4 -82.7 -420.2 1127.0 612 -41.4 -82.7 -420.3 1800

1050 1188.6 617 1188.8 618 1890
1100 1250.9 623 -41.1 -82.0 -416.3 1251.1 623 -41.0 -82.0 -416.2 1980
1150 131307 628 1313.9 628 2070
1200 1377.0 633 -40.6 -81.1 -412.1 1377.2 633 -40.7 -81.1 -412.1 2160
1250 1440.7 637 1440.9 637 2250

1300 1505.0 643 -40.2 -80.2 -407.6 1505.1 542 -40.1 -80.2 -407.6 2340
1350 1569.6 646 1569.9 648 2430
1400 1634.8 652 -39.7 -79.4 -403.1 1635.0 651 -39.7 -79.3 -403.1 2520
1450 1700.3 655 1700.6 656 2610
1500, 1766.3 660 -39.3 -78.4 -398.3 1766.6 660 -39.2 -78.3 -398.3 2700

1550 1832.9 666 1833.1 665 2790
1600 1899.9 670 -38.8 -77*2 -393.2 1900.1 670 -38*8 -77.2 -393.2 2680
1650 1967.3 674 1967.5 674 2970
1700 2035.3 680 -38.1 -76.2 -387.8 2035.5 680 -38.1 -76.2 -387.9 3060
1750 2103.8 685 2103.9 684 3150

Table 1510.04 ENTHALPY (HT-U" in ft-lbF/slug) for dry and moist air
(Continued) (See Section 1500.3 for definition of residuals)



NAVORD REPORT 1488 (Volume 5) HANDBOOK OF SUPERSONIC AERODYNAMICS
1510.04-15 Properties of Gases 1 August 1953

1.0 Atmosphere Pressure 4.0 Atmospheres Pressure

fT-U0 Residuals, for HT-U: Residuals, for

mole % moisture content mole % moisture content
T H.-U A 0.1 1.0 5.0 HT-U0  A 0.1 1.0 5.0 T

(K) xl0-4 xl0-4 (OR)

1800 2172.4 691 -37*0 -74.2 -380.6 2172.4 690 -37.1 -74*5 -381.5 3240
1850 2242.0 696 2241.8 694 3330
1900 2312.2 702 -35.7 -72*2 -373.1 2311.8 700 -36.1 -72*8 -374.8 3420
1950 2383.1 709 2382.4 706 3510
2000 2454.8 717 -34*1 -69.6 -364*2 2453.5 711 -35.0 -70.8 -367.1 3600

2050 2527.2 724 2525*3 718 3690
2100 2600*5 733 -32*0 -66.2 -353.4 2597*8 725 -33.2 -67*9 -357.9 3780
2150 2675*0 745 2671.1 733 3870
2200 2750.7 757 -29.1 -61.5 -339*6 2745.2 741 -31.1 -64.4 -346.8 3960
2250 2827.9 7-72 2820.2 750 4050

2300 2906.9 790 -25.5 -55.8 -323.0 2896.3 761 -28.5 -60.4 -334.0 4140
2350 2988.0 811 2973.7 774 4230
2400 3071.5 835 -20.9 -48.9 -301.9 3052.6 789 -25.l -55.2 -31852 4320
2450 3157.5 860 3132.9 803 4410
2500 3246.8 893 -15.5 -40.0 -275.5 3214.9 820 -21.2 -48.8 -29gg3 4500

2550 3339.4 926 3298.9 840 4590
2600 3436.1 967 - 9.l -29.0 -241.7 3385.2 863 -16.4 -41.0 -275.8 4680
2650 3537@3 1012 3474.0 888 4770
2700 3643.6 1063 - 1.2 -15*8 -199.8 3565.4 914 -10.7 -31.9 -248.0 4860
2750 3755*6 1120 3659.9 945 4950

2800 3873.9 1183 7.3 - *2 -146.9 3758.0 981 - 4.*6 -21.1 -214*2 5040
2850 3999.2 1253 3859*6 1016 5130
2900 4132.1 1329 16.6 17.6 - 80.5 3965o4 1058 2.4 - 8*9 -172o9 5220
2950 4273.1 1410 4075.7 1103 5310
3000 4422.7 1496 26*4 37*0 - 2.0 4190,7 1150 9.9 4*7 -125.5 5400

Table 1510.04 ENTHALPY (HT-U3 in ft-lbF/slug) for dry and moist air 0
(Continued) (See Section 1500.3 for definition of residuals)



I August 1953 Enthalpy 1510.04-16

7.0 Atmospheres. Pressure 10.0 Atmospheres Pressure
0 05-_HT-U. Residuals, for HT-U 0 Residuals, for

mole % moisture content mole % moisture content
T H,-U 0  A 0.1 1.0 5.0 HT-U 0.1 1.0 5.0 T
(K) -4 x-4(R)

1800 2172.7 689 -37.3 -74*7 -381.9 2172.9 690 -37.3 -74.7 -382.1 3240
1850 2242.1 694 2242.3 694 3330
1900 2312.0 699 -36.3 -73.0 -375.3 2312.1 698 -36.4 -73.1 -375.6 3420
1950 2382*4 704 2382*6 705 3510
2000 2453.4 710 -35e3 -71.2 -368.1 2453.6 710 -35.5 -71.4 -368e6 3600

2050 2525*0 716 2525.2 716 3690
2100 2597.2 722 -33*7 -68*6 -359.4 2597*3 721 -34.0 -68.9 -360.2 3780
2150 2670.2 730 2670*2 729 3870
2200 2743.7 735 -31.8 -65.5 -349.1 2743.7 735 -32.1 -66.1 -350*4 3960
2250 2818*2 745 2817.9 742 4050

2300 2893.6 754 -29.5 -61.9 -337.4 2893.0 751 -30*0 -62.7 -339&3 4140
2350 2969o7 761 2969.1 761 4230
2400 3047.3 776 -26.5 -57.2 -323.1 3046.1 770 -27.3 -5863 -325.8 4320
?450 3126.2 789 3124.4 783 4410
2500 3206.6 804 -23.0 -51.5 -306.3 3203.8 794 -24.0 -53.0 -310.0 4500

2550 3288.4 818 3284*7 809 4590
2600 3372.1 837 -18.7 -44.6 -285.6 3367.0 823 -19.9 -46.7 -290.9 4680
2650 3457.7 856 3451.2 842 4770
2700 3545.4 877 -13.9 -36.7 -261.5 3537.2 860 -15.5 -39o3 -268.8 4660
2750 3635.4 900 3625.3 681 4950

2800 3728.1 927 - 8.3 -2703 -232.5 3715.7 904 -10o4 -3007 -242.* 5040
2850 3823.6 955 3808.6 92.9 5130
2900 3922.3 987 - 2.0 -16.7 -198.0 3904.4 958 - 4.6 -21.0 -211.4 5220
2950 402405 1022 4003.6 992 5310
3000 4130.4 1059 4.6 - 4.8 -158.0 4105.8 1022 1.6 -10.0 -175.1 5400

Table 1510.04 ENTHALPY (HT-U3 in ft-lbF/slug) for dry and moist air

(Continued) (See Section 1500.3 for definition of residuals)



NAVORD REPORT 1488 (Volume 5) HANDBOOK OF SUPERSONIC AERODYNAMICS
1510.04-17 Properties of Gases 1 August 1953

1.0 Atmosphere Pressure 4.0 Atmospheres Pressure

HT Residuals, for mole HT Residuals, for mole
4 % moisture content 4 moisture content

T HT xl0 a 0.1 1.0 5.0 HT xl10 a 0.1 1.0 5.0 T(°) (°OR)

3100 4743o7 3210 35.6 57.6 91.6 4434.1 2434 17.4 19.7 - 69.0 5560
3200 5107.4 3637 45ol 78.5 199.8 4704.0 2699 25.2 35.8 - 2*6 5760
3300 5510.1 4027 54*3 100.1 320*6 5000.5 2965 32.8 52.6 74.0 5940
3400 5949.1 4390 63*7 121.3 449.5 5325.3 3248 40.8 70.0 159.8 6120
3500 6416.7 4676 73*3 141.7 580.5 5678.4 3531 48.6 87*1 255.1 6300

3600 6907.1 4904 82.5 161.8 710.0 6059.8 3814 56.0 104.3 356.9 6480
3700 7412.5 5054 91*2 180.9 835.0 6468.4 4086 63*4 121.5 464.1 6660
3800 7924.8 5123 100.4 200.4 951.7 6898.9 4305 71.1 139.0 573*9 6840
3900 8442.8 5180 108.7 217.6 1056.7 7347*7 4488 79.7 156.2 683.2 7020
4000 8969.3 5265 116.3 233*4 1151.8 7811.9 4642 87.2 173.6 791.0 7200

4100 9507.8 5385 122.8 247*7 1233.2 8286.1 4742 95.2 190.4 893.1 7380
4200 10071* 563 130. 261. 1303. 8773*0 4869 103.4 206*5 990.1 7560
4300 10669* 598 135. 272* 1362. 9270.0 4970 110.8 221.5 1080.0 7740
4400 11315* 646 140. 282* 1414. 9782*6 5126 117.9 235*9 1161.9 7920
4500 12025* 710 144. 289* 1458. 10317* 534 124. 249* 1236. 8100

4600 12808. 783 147. 297. 1495* 10878. 561 130. 261. 1302. 8280
4700 13673* 865 151. 303. 1527. 11474* 596 135. 272. 1360. 846C
4800 14632. 959 155. 308* 1554. 12114* 640 141. 282. 1411v 8640
4900 15687. 1055 157. 314. 1575. 12807* 693 144. 290. 1457. 8820
5000 16836* 1149 157. 315. 1588. 13557* 750 147. 298o 1498. 9000

Table 1510.04 ENTHALPY (HT in ft-lbF/slug) for dry and moist air (Continued)
(See Section 1500.3 for definition of residuals)



1 August 1953 Enthalpy 1510.04-18

7.0 Atmospheres Pressure 10.0 Atmospheres Pressure

HT Residuals, for mole HT Residuals, for moleI % moisture content % moisture content
T HT xl0-4 0.1 1.0 5.0 HT xl0 a 0.1 1.0 5.0 T( _K) (OR)

3100 4355.4 2250 11.6 804 -110.9 4,15.5 2097 8.2 2.1 -132.9 5580
3200 4599.7 2443 1866 22*5 - 56.4 4546.5 2310 14.9 15.1 - 84e3 5760
3300 4865a5 2658 25.7 37.3 6.7 4796.2 2497 21.6 26*7 - 26*3 5940
3400 5154.6 2891 33*0 53.0 77*8 5066.1 2699 28.5 43.3 34.7 6120
3500 5468*1 3135 40.2 68*7 157.5 5357*5 2914 35*4 58.1 105.1 6300

3600 5807*3 3392 47.0 84.4 244.5 5672*3 3148 41.6 72.8 12.8 648"0
3700 6172.7 3054 53*8 100*2 337*8 6011.1 3388 48.3 87*9 244*9 6660
3800 6561.0 ý j3 61.0 116.3 436.1 6372*3 3612 55.0 102*9 356.6 6540
3900 0970.1 4091 68.6 132.2 537.1 6754.4 3821 62.1 118.0 450.5 7020
4000 7398.0 4279 7595 14866 639e3 7156.8 4024 68.5 133.3 5"*7 7200

4100 7839.1 4411 83.1 165.0 739.2 7574.2 4174 75.8 149.2 642o6 7380
4200 8294.8 4557 91.0 180.8 837.5 8008.1 4339 83ol 164.5 738.9 7560
4300 8760.1 4653 98*6 196.2 931.5 8452.' 4446 90.6 179.8 832.7 7740
4400 9238.3 4782 105.8 211.4 1019.6 8910*5 4578 97*7 194.8 922*2 7920
4500 9731.8 4935 112.2 226*2 1101.6 9381.7 4712 104.4 210.1 1007.5 8100

4600 10244o 512 119. 239. 1177. 9868.7 4870 111.1 223.1 109669 8280
4700 10779. 535 125. 252. 1246* 10373. 504 117. 237. 1161. 6"60
4800 11343* 564 131. 263. 1308. 10901. 528 124o 249. 1230. 5640
4900 11944. 601 135. 272* 1363. 11457. 556 129. 2599 12910 8820
5000 12587. 643 140. 283. 1415. 12048* 591 134o 271. 1349. 9000

0

Table 1510.04 ENTHALPY (HLT in ft-lbF/slug) for dry and moist air (Continued)
(See Section 1500.3 for definition of residuals)



NAVORD REPORT 1488 (Volume 5) HANDBOOK OF SUPERSONIC AERODYNAMICS
1510.04-19 Properties of Gases 1 August 1953

10.0 Atmospheres Pressure 40.0 Atmospheres Pressure

HT-U: Residuals, for RT-U: Residuals, for

mole % moisture content mole % moisture content
T H.-uO a 0.1 1.0 5.0 H,,-U a 0.1 1.0 5.0 T

(OK) x10-4 x10-4 (*R)

110 101.39 190
120 115.40 1401 216
130 128.35 1295 234
140 140.72 1237 252

150 152.74 1202 270
160 164.51 1177 134.15 268
170 176.10 1159 150.96 1681 306
180 187.56 1146 166.02 1506 324
190 198.92 1136 180.05 1403 342

200 210.22 1130 193.46 1341 360
210 221.44 1122 206.39 1293 378
220 232.62 1118 219.00 1261 396
230 243*75 1113 231.36 1236 414
240 254.85 1110 243*50 1214 432

250 265.92 1107 255.50 1200 450
260 276.97 1105 267.34 1184 468
270 288.00 1103 279.08 1174 486
280 299.01 1101 290.78 1170 504
290 310.01 1100 302.39 1161 522

300 321.00 1099 -43.8 -87.6 -445.0 313.91 1152 540
310 331.98 1098 325.38 1147 558
320 342.95 1097 336.82 1144 576
330 353.92 1097 348.21 1139 594
340 364.89 1097 359.56 1135 612

350 375.86 1097 370.87 1131 630
360 386.83 1097 382.16 1129 648
370 397.81 1098 393*44 1128 666
380 408.79 1098 404.72 1128 684
390 419.77 1098 415.98 1126 702

400 430.75 1098 -43o3 -86.7 -440.5 427.24 1126 720
410 441.75 1100 438.49 1125 738
420 452.76 1101 449.74 1125 756
430 463.78 1102 460*99 1125 774
440 474.81 1103 472.22 1123 792

450 485.85 1104 483.44 1122 810
460 496.90 1105 494.68 1124 828
470 507.98 1108 505.92 1124 846
480 519.07 1109 '.18 1126 "64
490 530.17 1110 .44 1126 "82

500 541.30 1113 -43.1 -86.3 -437.9 539.73 1129 -43.1 -86*2 -437*5 900
510 552.44 1114 551.02 1129 918
520 563.60 1116 562.32 1130 936
530 574.78 1118 573464 1132 954
540 585.98 1120 584.96 1132 972

Table 1510.04 ENTHALPY (HT-U3 in ft-lbF/slug) for dry and moist air

(Continued) (See Section 1500.3 for definition of residuals)



I August 1953 Enthalpy 1510.04-20

70.0 Atmospheres Pressure 100.0 Atmospheres Pressure

HT-UZ Residuals, for HT-UZ Residuals, for

mole % moisture content mole % moisture content
T HT-U0  A 0.1 1.0 5.0 H..-U 0  A 0.1 1.0 5.0 T

(*K) 10-4 x10-4 (OR)

180 140.12 114.32 324
190 158.90 1878 138.08 2376 342

200 175.50 1660 158.11 2003 360
210 190.78 1528 175*87 1776 378
220 205.21 1443 192.18 1631 396
230 219.03 1362 207.47 1529 414
240 232.43 1340 222.12 1465 432

250 245.41 1298 236e08 1396 450
260 257.98 1257 249.65 1357 468
270 270.57 1259 262.95 1330 486
280 283*03 1246 275.94 1299 504
290 295.26 1223 288*73 1279 522

300 307.30 1204 301.29 1256 540
310 319.24 1194 313.73 1244 558
320 331e12 1188 32604 1231 576
330 342.92 1180 338.25 1221 594
340 354.66 1174 350035 1210 612

350 366.34 1168 362.36 1201 630
360 -'77*96 1162 374.28 1192 648
370 389.54 1158 386.14 1186 666
380 401.09 1155 397*93 1179 684
390 412.62 1153 409.66 1173 702

400 424.11 1149 421.36 1170 720
410 435.59 1148 433.00 1169 738
420 .447.05 1146 444.71 1166 756
430 458.49 1144 456.34 1163 774
440 469.92 1143 467.95 1161 792

450 481.34 1142 479.54 1159 810
460 492*76 1142 491.12 1158 828
470 504.17 1141 502.69 1157 846
480 515*58 1141 514.26 1157 864
490 526*99 1141 525*81 1155 882

500 538.41 1142 537.36 1155 900
510 549.84 1143 548.90 1154 918
520 561.27 1143 560.46 1156 936
530 572.72 1145 572.02 1156 954
540 584.18 1146 583.59 1157 972

Table 1510.04 ENTHALPY (HT-U i in ft-lbF/slug) for dry and moist air

(Continued) (See Section 1500.3 for definition of residuals)



NAVORD REPORT 1488 (Volume 5) HANDBOOK OF SUPERSONIC AERODYNAMICS
1510.04-21 Properties of Gases 1 August 1953

10.0 Atmospheres Pressure 40.0 Atmospheres Pressure

HT-U3 Residuals, for HT Residuals, for

mole % moisture content mole % moisture content
T HT-U0 A 0.1 1.0 5.0 HT-u 0.1 1.0 5.0 T

x10- 4  x10-4 (OR)

550 597.20 1122 596031 1135 990
560 608.44 1124 607.68 1137 1008
570 619.71 1127 619.05 1137 1026
580 631.00 1129 630.45 1140 1044
590 642.31 1131 641.87 1142 1062

600 653.65 1134 -42.8 -85.6 -434.6 653.30 1143 -42o8 -85.5 -434.6 1080
610 665.01 1136 664.75 1145 1098
620 676.39 1138 676.23 1148 1116
630 687.80 1141 687.74 1151 1134
640 699.23 1143 699.26 1152 1152

650 710.68 1145 710.79 1153 1170
660 722.16 1148 722.35 1156 1188
670 733.66 1150 733.94 1159 1206
680 745.19 1153 745.55 1161 1224
690 756.75 1156 757.18 1163 1242

700 768.33 1158 -42.4 -85.0 -431.3 768@82 1164 -42.4 -84.9 -431.3 1260
710 779.93 1160 780.50 1168 1278
720 791.56 1163 792.19 1169 1296
730 803.22 1166 803.92 1173 1314
740 814.90 1168 815.66 1174 1332

750 826.60 1170 827.43 1177 1350
760 838.33 1173 839.22 1179 1368
770 850.09 1176 851.04 1182 1386
780 861.87 1178 862.88 1184 1404
790 873.68 1181 874.73 1185 1422

800 885.51 1183 -42.1 -84.2 -427.8 886.62 1189 -42.1 -84.1 -427.8 1440
850 945.0 595 946.3 597 1530
900 1005.1 601 -41.8 -83.5 -424.1 1006.7 604 -41.8 -83.4 -424.1 1620
950 1065.8 607 1067.5 608 1710

1000 1127.0 612 -41.4 -82.7 -420.3 1129.0 615 -41.4 -82*8 -420.3 1800

1050 1188.8 618 1190.9 619 1890
1100 1251.1 623 -41.0 -82.0 -416.2 1253.4 625 -40.9 -82.0 -416.3 1980
1150 1313.9 628 1316.3 629 2070
1200 1377.2 633 -40.7 -81.1 --412.1 1379.6 633 -40.6 -81.1 -412.2 2160
1250 1440.9 637 1443.5 639 2250

1300 1505.1 642 -40.1 -80.2 -407.6 1507.8 643 -40.2 -80.2 -407.8 2340
1350 1569.9 648 1572.7 649 2430
1400 1635.0 651 -39*7 -79.3 -403.1 1637.9 652 -39.8 -79.4 -403.2 2520
1450 1700.6 656 1703.6 657 2610
1500 1766.6 660 -39.2 -78.3 -398.3 1769.6 660 -39.3 -78.5 -398.4 2700

1550 1833.1 665 1836.2 666 2790
1600 1900.1 670 -38.8 -77.2 -393.2 1903.2 670 -38.7 -77.4 -393.5 2880
1650 1967.5 674 1970.8 676 2970
1700 2035.5 680 -38.1 -76.2 -387.9 2038.7 679 -38.2 -76.3 -388.3 3060
1750 2103.9 684 2107.1 684 3150

Table 1510.04 ENTHALPY (HT-U' in ft-lbF/slug) for dry and moist air

(Continued) (See Section 1500.3 for definition of residuals)



1 August 1953 Enthalpy 1510.04-22

70.0 Atmospheres Pressure 100.0 Atmospheres Pressure

HT1 -U' eidas for H TUo Residuals, for

mole % moisture content mole % moisture content
00T 0.1 1.0 5.0 HT-UO - 0.1 1.0 5.0 T

( 0K) ro-- °)
xl0-4 x10-4 R)

550 595963 1145 595.15 1156 990
560 607.12 1149 606.74 1159 1008

570 618.60 1148 618.33 1159 1026
580 630.09 1149 629.91 1158 1044
590 641.60 1151 641o53 1162 1062

600 653.13 1153 653.15 1162 1080

610 664.69 1156 664.79 1164 1098
620 676.25 1156 676.43 1164 1116

630 687.83 1158 688.10 1167 1134

640 699.43 1160 699*77 1167 1152

650 711.05 1162 711.45 1168 1170

660 722.69 1164 723.15 1170 1188
670 734.35 1166 734.87 1172 1206

680 746.03 1168 746.61 1174 1224
690 757.72 1169 758.38 1177 1242

700 769.43 1171 770.15 1177 1260

710 781.17 1174 781.98 1183 1278
720 792.93 1176 793.82 1184 1296,
730 804.72 1179 805.68 1186 1314
740 816.53 1181 817.55 1187 1332

750 828.35 1182 829.44 1189 1350
760 840.20 1185 841.34 1190 1368
770 852.06 1186 853.25 1191 1386
780 863.96 1190 865.17 1192 1404

790 875.86 1190 877.11 1194 1422

800 887.80 1194 -42*2 -84*2 -427.9 889.06 1195 1440
850 947.8 600 949.3 602 1530
900 1008.3 605 -41.8 -83.5 -424.2 1010.1 608 1620
950 1069.3 610 1071*3 612 1710

1000 1130.9 616 -41.3 -82.7 -420.4 1132.9 616 1800

1050 1193.0 621 1195.1 622 1890
1100 1255.6 626 -40*9 -82.0 -416.4 1257.9 628 1980
1150 131866 630 1321.0 631 2070

1200 1382.1 635 -40.6 -81.2 -412.3 1384.5 635 -40.7 -81.3 -412.6 2160
1250 1446.1 640 1448.6 641 2250

1300 1510.5 644 -40.2 -80.2 -407.9 1513.1 645 -40.2 -80.3 -408.0 2340

1350 1575.4 649 1578.0 649 2430
1400 1640.7 653 -39.8 -79.4 -403.4 1643.3 653 -39.8 -79o4 -403.5 2520

1450 1706.4 657 1709.1 658 2610
1500 1772.6 662 -39.4 -78.6 -398.5 1775.4 663 -39.4 -78.6 -398.7 2700

1550 1839.2 666 1842.1 667 2790

1600 1906.3 671 -38.7 -77o5 -393.7 1909.1 670 -38.6 -77.5 -393.8 2880
1650 1973.8 575 1976.7 676 2970
1700 2041.8 680 -38.2 -76.3 -388.5 2044.8 681 -38.2 -76.3 -388.7 3060
1750 211003 685 2113.3 685 3150

Table 1510.04 ENTHALPY (HT-Uo in ft-lbF/slug) for dry and moist air

(Continued) (See Section 1500.3 for definition of residuals)



NAVORD REPORT 1488 (Volume 5) HANDBOOK OF SUPERSONIC AERODYNAMICS
1510.04-23 Properties of Gases 1 August 1953

10.0 Atmospheres Pressure 40.0 Atmospheres Pressure

HT-U 0 Residuals, for HT-Uo Residuals, for

mole % moisture content mole % moisture content
T HT-U° 0.1 1.0 5.0 HL-U, a 0.1 1.0 5.0 T
(K) X10-4  xl0-4 (OR)

1800 2172.9 690 -37.3 -74.7 -382.1 2176.1 690 -37.6 -75.0 -382.7 3240
1850 2242.3 694 2245.5 694 3330
1900 2312.1 698 -36*4 -73.1 -375.6 2315.4 699 -36.7 -73*6 -376.5 3420
1950 2382.6 705 2385.7 703 3510
2000 2453.6 710 -35.5 -71.4 -368.6 2456*6 709 -35*7 -71.9 -370.0 3600

2050 2525.2 716 2528.0 714 3690
2100 2597.3 721 -34.0 -68.9 -360.2 259969 71D -35*0 -70.1 -362.9 3780
2150 2670.2 729 2672.4 725 3870
2200 2743.7 735 -32ol -66.1 -350.4 2745.4 730 -33.3 -67.8 -354.3 3960
2250 2817.9 742 28190 736 4050

2300 2893.0 751 -30.0 -6207 -339.3 289303 743 -31.7 -64.9 -344.9 4140
2350 2969.1 761 2968.2 749 4230
2400 3046.1 770 -27.3 -58.3 -325.8 3044.0 758 -29.6 -61.6 -334.1 4320
2450 3124.4 783 3120.4 764 4410
2500 3203.8 794 -24.0 -53.0 -310.0 3197.6 772 -26.9 -57*5 -321.6 4500

2550 3284.7 809 327507 781 4590
2600 3367.0 823 -19.9 -46.7 -290.9 3354.8 791 -24.0 -52.8 -306.9 4680
2650 3451.2 842 3434.9 801 4770
2700 3537.2 860 -15.5 -39.3 -268.8 3516.1 812 -20.6 -47.3 -290.4 4860
2750 3625.3 881 3598.5 824 4950

2800 3715.7 904 -10.4 -30.7 -242.4 3682.2 837 -16.8 -41.1 -271.3 5040
2850 3808.6 929 3767.4 852 5130
2900 3904.4 958 - 4.6 -21.0 -211.4 3854.1 867 -12.4 -33.8 -249.2 5220
2950 4003.6 992 3942.5 884 5310
3000 4105.8 1022 1.6 -10.0 -175.1 4032.8 903 - 7.6 -25.7 -223.7 5400

Table 1510.04 ENTHALPY (HT-U3 in ft-lbF/slug) for dry and moist air

(Continued) (See Section 1500.3 for definition of residuals)



1 August 1953 Enthalpy 1510.04-24

S70.0 Atmospheres Pressure 100.0 Atmospheres Pressure

HT-UZ Residuals, for HT-Uo Residuals, for

mole % moisture content 0mole % moisture content
T HT-UO a 0.1 1.0 5.0 H,-uO a 0.1 1.0 5.0 T

(OK) 0-4 10--4 (OR)

1800 2179.2 689 -37ý8 -75.2 -383.1 2182.3 690 -37.7 -75.2 -383.2 3240
1850 2248.7 695 2251*7 694 3330
1900 2318.6 699 -36.8 -73*8 -377.0 2321.7 700 -36.9 -73.9 -377.3 3420
1950 2388o9 703 2392.1 704 3510
2000 2459.8 709 -35.9 -72.2 -370.6 2463.0 709 -35.9 -7203 -370.9 3600

2050 2531.2 714 2534.4 714 3690
2100 2603.1 719 -35*2 -70.5 -363.8 2606.3 719 -35.3 -70.8 -364.3 3780
2150 2675.6 725 2678.7 724 3870
2200 2748.5 729 -33.6 -68.2 -355.5 2751.6 729 -33.9 -68.5 -356o4 3960
2250 2822.0 735 2825.0 734 4050

2300 2896.1 741 -32*1 -65.4 -34607 2899.0 740 -32.3 -65.7 -347.7 4140
2350 2970.8 747 2973.5 745 4230
2400 3046.1 753 -30.2 -62.6 -336.7 3048.7 752 -30*6 -63*2 -338*2 4320
2450 3122.0 759 3124.5 758 4410
2500 3198.7 767 -27o8 -58.8 -325.0 3200.9 764 -2803 -59s6 -327.0 4500

2550 3276.1 774 3278.1 772 4590
2600 335403 782 -25.3 -54.7 -311.8 335600 779 -26.0 -55*8 -314.5 4680
2650 3433.3 790 3434.6 786 4770
2700 3513.2 799 -22.0 -49.7 -296.7 3514.1 795 -22.9 -51.2 -300.4 4860
2750 3594.1 809 3594.5 804 4950

2800 3676.0 819 -18.9 -4403 -279.8 3675.8 813 -2000 -46*1 -284.5 5040
2850 3759.0 830 3758.2 824 5130
2900 3843.4 844 -14.9 -37.8 -259.9 3841.6 834 -16.4 -40.1 -265.9 5220
2950 3928.9 855 3926.2 846 5310
3000 4015.9 870 -10.5 -30.7 -238.1 4012.0 858 -12.1 -33.5 -246.2 5400

00

Table 1510.04 ENTHALPY (HT-Uo in ft-lb 1 /slug) for dry and moist air
(Continued) (See Section 1500.3 for definition of residuals)



NAVORD REPORT 1488 (Volume 5) HANDBOOK OF SUPERSONIC AERODYNAMICS
1510.04-25 Properties of Gases 1.August 1953

10.0 Atmospheres Pressure 40.0 Atmospheres Pressure
HT Residuals, for mole HT Residuals, for mole

4 % moisture content 4 % moisture content
T HT x10 A 0.1 1.0 5.0 HT xl0 a 0.1 1.0 5.0 T

((K) (°R)

3100 4315o5 2997 3.2 2.1 -132.9 4214.3 1815 - 2.4 -17.0 -194.8 5580
3200 4546,5 2310 14.9 15.1 - 84.3 4410.0 1957 2.8 - 7.5 -162.3 5760
3300 4796.2 2497 21.6 28.7 - 28,3 4616e2 2062 8.3 2.7 -125.5 5940
3400 5066*1 2699 28.5 43.3 34.7 4833.8 2176 13.9 13.4 - 84.6 6120
350C 5357.5 2914 35.4 58.1 105.2 5063.3 2295 19.5 24.8 - 40.3 6300

3600 5672.3 3148 41.6 72.8 18298 5306.3 2430 24.6 36.0 8.5 6480
3700 6011.1 3388 48.3 87.9 266.9 5563.4 2571 30.3 48.0 62.1 6660
3800 6372.3 3612 55.0 102.9 356.6 5835.3 2719 35.6 59.5 120.1 6840
3900 6754.4 3821 62*1 118.0 450.5 6123.0 2877 40.6 71e3 183.3 7020
4000 7156.8 4024 68.5 133.3 546.7 6428.2 3052 45.8 83.0 250.2 7200

4100 7574.2 4174 75.8 149.2 642.6 6749.8 3216 51.2 95.1 320.1 7380
4200 8008.1 4339 83.1 164.5 738.9 7090.1 3403 56.6 107.5 394.7 7560
4300 8452,7 6446 90.6 179.8 832.7 7445.6 3555 62.4 120.2 471.5 7740
4400 8910.5 4578 97.7 194.8 922.2 7817.8 3722 68.0 133.2 550.5 7920
4500 9381.7 4712 104.4 210.1 1007.5 8204.7 3869 74o4 146.2 630.9 8100

4600 9868.7 4870 111.1 223.1 1086.9 8605.4 4007 80.1 159.1 710.0 8280
4700 10373. 504 117. 237. 1161. 9018.8 4134 86.5 172.2 790.1 8460
4800 10901. 528 124. 249. 1230. 9444.6 4258 92.9 185.6 869.3 8640
4900 11457. 556 129. 259. 1291. 9885.8 4412 99.3 198.1 942.7 8820
5000 12048. 591 134. 271. 1349. 10345. 459 106. 211. 1016. 9000

Table 1510.04 ENTHALPY (HT in ft-lbF/slug) for dry and mQist air (Continued)

(See Section 1500.3 for definition of residuals)



1 August 1953 Enthalpy 1510.04-26

70.0 Atmospheres Pressure 100.0 Atmospheres Pressure

HT Residuals, for mole HT Residuals, for molc

% moisture content 4 % moisture content*
T HT x10-4 4 0.1 1.0 5.0 HT xl0- A 0.1 1.0 5.0 T
(OK) _ (*R)

3100 4191.4 1755 - 5.9 -23.0 -213.3 4181.4 1694 - 8.0 -26*4 -223*9 5580
3200 4377.5 1861 - 1.2 -14.5 -185.6 4362.4 1810 - 3.6 -18.5 -198.8 5760
3300 4571.8 1943 3*9 - 5.3 -153.8 4550.2 1878 1*2 - 9.7 -170.0 5940
3400 4775.5 2037 9*2 4*3 -119*2 4746.5 1963 6.5 - *8 -138.5 6120
3500 4989.1 2136 14.3 14.4 - 80.8 4952.0 2055 11.1 8*3 -103.3 6300

3600 5213.7 2246 19.1 24.5 - 39.0 5167.3 2153 16.0 17.9 - 64.5 6480
3700 5450.3 2366 24.2 35.3 6.9 5394.0 2267 20.7 28.1 - 22.3 6660
3800 5698.8 2485 29.2 45.8 56.2 5631.6 2376 25.4 38.0 22.9 6840
3900 5960.6 2618 34.0 56.8 109.8 5881.0 2494 30.3 48.7 71.9 7020
4000 6236.1 2755 38.8 67.4 166.1 6141.6 2606 35.0 58.9 122.8 7200

4100 6524.8 2887 43.9 78.2 225.8 6413.0 2714 39.9 68.9 176.9 7380
4200 6829.4 3046 48.7 89.7 289.6 6697.4 2844 44.4 79.8 234.2 7560
4300 7147.9 3185 53*5 100.6 355*4 6993.6 2962 48.8 90.0 293.3 7740
4400 7481.6 3337 58*5 112.6 425.2 7303.0 3094 53*3 101.2 356.6 7920
4500 7830.1 3485 63.9 123.4 496*5 7626.4 3234 58.1 110.5 420.9 8100

4600 8192.1 3620 69.4 135.7 568.4 7962.3 3359. 63.5 122.2 486.7 8280
4700 8567.5 3754 74.8 147.3 641.9 8311.7 3494 68.0 132.8 554.1 8460
4800 8955.5 3880 80.3 159.5 716.5 8674*2 3625 72.9 143.8 623.2 8640
4900 9357.6 4021 86o8 171.8 788.5 9050*3 3761 79.0 155.5 692.0 882C
5000 9776.0 4184 92.6 184.3 861.0 9442.3 3920 84.1 167.5 761.7 9000

Table 1510.04 ENTHALPY (HT in ft-lbF/slug) for dry and moist air (Concluded)

(See Section 1500.3 for definition of residuals)



NAVORD REPORT 1488 (Volume 5) HANDBOOK OF SUPERSONIC AERODYNAMICS

1510.05-1 Properties of Gases 1 August 1953

1510.05 Entropy

0.01 Atmosphere Pressui

T ST T T ST T
( °K) (TO ) (0K) T°R

50 38219 90 300 48963 205 540
60 39313 1094 108 310 49160 197 558
70 40236 923 126 320 49351 191 576
80 41038 802 144 330 49536 185 594
90 41743 705 162 340 49716 180 612

100 42378 635 180 350 49889 173 630
110 42946 568 198 360 50059 170 648
120 43468 522 216 370 50224 165 666
130 43947 479 234 380 50386 162 684
140 44392 445 252 390 50543 157 702

150 44805 413 270 400 50696 153 720
160 45191 386 288 410 50846 150 738
170 45555 364 306 420 50991 145 756
180 45899 344 324 430 51136 145 774
190 46223 324 342 440 51276 140 792

200 46530 307 360 450 51414 138 810
210 46822 292 378 460 51548 134 828
220 47100 278 396 470 51678 130 846
230 47368 268 414 480 51807 129 864
240 47624 256 432 490 51934 127 882

250 47867 243 450 500 52059 125 900
260 48103 236 468 510 52181 122 918
270 48329 226 486 520 52301 120 936
280 48547 218 504 530 52418 117 954
290 48758 211 522 540 52535 117 972

Moisture residuals at 300°K(540°R)

Mole % moisture content 0.5 1.0 5.0

ST Residuals 100 230 1150

Conversion Factors for Entropy (ST)

To Convert To Having Dimensions Multiply
Tabulated Value of Indicated below by

ST ST ft 2 sec- 2 °R-1 1.00000

with dimensions of ft lbF lbm1 OR-1 0.0310810

ft lbF slug-1 OR-1s ft lbF molelb °R 0.900293

Btu lbM1 °R- 1  3.99680 x10-5

Btu molelb *R-I 0.0115771

Table 1510.05 ENTROPY (ST in ft-lbF/slug °R) for dry and moist air

(See Section 1500.3 for definition of residuals)



1 August 1953 Entropy 1510.05-2

0.01 Atmosphere Pressure

T ST T T ST L T

STK) (°R) (°K) (OR)

550 52648 1i3 9•8 --0 55;:. 2 1442
560 52761 113 100'2 650 55441 404 15.0
570 52871 1IC 1026 9C0 55622 381 1640
580 52979 108 1344 g50 5610- 364 171u
590 53086 1C7 1C62 1200 56534 34o 1600

600 53192 106 ibo0 i050 56b69 335 1690
610 53297 135 1098 i100 57190 321 i980
620 534C0 103 1116 1150 575C0 310 2070
630 53501 101 1134 i200 57801 301 2100
640 53601 100 1152 1250 58089 288 2250

650 53698 97 1170 1300 58369 280 2340
660 53794 96 1168 1350 58640 271 2430
670 53891 97 1206 1400 56903 263 2520
680 53985 ý4 1224 1450 59158 255 2610
690 54079 94 1242 1500 59407 249 2700

700 54172 93 1260 1550 59649 242 2790
710 54263 91 1276 16CC 59886 237 2880
720 54352 89 1296 1650 60118 232 2970
730 54442 90 1314 1700 60346 228 3060
740 54529 37 1332 1750 60571 225 3150

750 54617 88 1350 1600 60793 222 3240
760 54703 86 1368 1850 61012 219 3330
770 54788 85 1386 1900 61232 220 3420
780 54872 34 1404 1950 61453 221 3510
790 54957 85 1422 2000 61680 227 3600

2050 61913 233 3690
2100 62157 244 3780
2150 62415 258 3870
2200 62688 273 3960
2250 62978 290 4050

2300 63287 309 4140

Conversion Factors for Entropy (S T)

To Convert To Having Dimensions Multiply
Tabulated Value of Indicated below by

ST ST cal gm-1 °K-1 3.99680 xl0-5

with dimensions of cal mole 1 OK-1 1.15771 x10-3

ft lbF slug-1 OR-1
joule gm-1 K- 1 1.67226 x10-4

I erg gm- 1 °K-1 1672.26

Table 1510.05 ENTROPY (ST in ft-lbF/slug OR) for dry and moist air

(Continued) (See Section 1500.3 for definition of residuals)



NAVORD REPORT 1488 (Volume 5) HANDBOOK OF SUPERSONIC AERODYNAMICS
1510.05-3 Properties of Gases 1 August 1953

0.1 Atmosphere Pressure 0.4 Atmosphere Pressure
ST Residuals, for mole ST Residuals, for mole

% moisture content % moisture content
"T ST A 0.1 1.0 5.0 ST 0.1 1.0 5.0 T

(°K) (OR)

80 37076 144
90 37787 711 35382 162

100 38418 631 36022 640 180
110 38990 572 36597 575 198
120 39513 523 37122 525 216
130 39992 479 37605 483 234
140 40437 445 38051 446 252

150 40851 414 38466 415 270
160 41238 387 38854 388 288
170 41602 364 39218 364 306
180 41944 342 39561 343 324
190 42268 324 39886 325 342

200 42576 308 40193 307 360
210 42869 293 40487 294 378
220 43149 280 40766 279 396
230 43415 266 41032 266 414
240 43671 256 41288 256 432

250 43914 243 41534 246 450
260 44150 236 41769 235 468
270 44376 226 41995 226 486
280 44594 218 42213 218 504
290 44805 211 42425 212 522

300 45010 205 90 210 1070 42629 204 80 200 1020 540
310 45207 197 42826 197 558
320 45397 190 43017 191 576
330 45583 186 43202 185 594
340 45763 180 43382 180 612

350 45938 175 43557 175 630
360 46108 170 43727 170 648
370 46273 165 43892 165 666
380 46434 161 44053 161 684
390 46592 158 44211 158 702

400 46745 153 100 220 1130 44364 153 100 210 1080 720
410 46894 149 44513 149 738
420 47040 146 44659 146 756
430 47183 143 44802 143 774
440 47323 140 44943 141 792

450 47461 138 45080 137 810
460 47595 134 45214 134 828
470 47727 132 45346 132 846
480 47855 128 45475 129 864
490 47982 127 45602 127 882

500 48106 124 100 220 1150 45727 125 90 210 1110 900
510 48228 122 45849 122 918
520 48348 120 45969 120 936
530 48467 119 46086 117 954
540 48582 115 46202 116 972

Table 1510.05 ENTROPY (ST in ft-lbF/slug OR) for dry and moist air

(Continued) (See Section 1500.3 for definition of residuals)



1 August 1953 Entropy 1510.05-4

0.7 Atmosphere Pressure 1.0 Atmosphere Pressure

ST Residuals, for mole ST Residuals, for mole

% moisture content % moisture coatent
T ST 0.1 1.0 5.0 ST 0.1 1.0 5.0 T

(OK) (@R)

9Q 34385 33761 162

100 35044 659 34414 653 180
110 35624 580 34997 583 198
120 36151 527 35528 531 216
130 36635 484 36013 485 234
140 37083 448 36463 450 252

150 37498 415 36880 417 270
160 37888 390 37270 390 288
170 38253 365 37636 366 306
180 38597 344 37981 345 324
190 38921 324 38307 326 342

200 39230 309 38616 309 360
210 39524 294 38909 293 378
220 39803 279 39189 280 396
230 40070 267 39455 266 414
240 40325 255 39711 256 432

250 40571 246 39956 245 450
260 40808 237 40193 237 468
270 41034 226 40420 227 486
280 41252 218 40638 218 504
290 41463 211 40849 211 522

300 41668 205 90 200 1010 41053 204 90 200 1000 540
310 41865 197 41250 197 558
320 42055 190 41443 193 576
330 42241 186 41628 185 594
340 42421 180 41808 18"0 612

350 42596 175 41983 175 630
360 42766 170 42153 170 648
370 42931 165 42318 165 666
380 43092 161 42479 161 684
390 43250 158 42637 158 702

400 43403 153 90 210 1060 42790 153 90 210 1050 720
410 43552 149 42939 149 738
420 43698 146 43085 146 756
430 43841 143 43230 145 774
440 43981 140 43370 140 792

450 44119 138 43508 138 810
460 44253 134 43640 132 828
470 44385 132 43772 132 846
480 44513 128 43901 129 864
490 44640 127 44028 127 882

500 44766 126 100 220 1100 44153 125 100 210 1090 900
510 44888 122 44275 122 918
520 45008 120 44395 120 936
530 45125 117 44513 118 954
540 45241 116 44628 115 972

Table 1510.05 ENTROPY (ST in ft-lbF/slug OR) for dry and moist air

(Continued) (See Section 1500.3 for definition of residuals)



NAVORD REPORT 1488 (Volume 5) HANDBOOK OF SUPERSONIC AERODYNAMICS
1510.05-5 Properties of Gases 1 August 1953

0.1 Atmosphere Pressure 0.4 Atmosphere Pressure

ST Residuals, for mole ST Resiouals, for mole

% moisture content % moisture content
T ST 6 0.1 1.0 5.0 ST 4 0.1 1.0 5.0 T

(OK) (°R)

550 48695 113 46316 114 990
560 48806 il 46427 il 1008
570 48918 112 46539 112 1026
580 49028 110 46647 I'8 1044
590 49134 106 46753 106 1062

600 49239 105 70 230 1190 46860 107 70 220 1150 1080
610 49344 105 46965 105 1098
620 49447 103 47066 101 1116
630 49548 101 47167 101 1134
640 49647 99 47267 100 1152

650 49745 98 47365 98 1170
660 49843 98 47462 97 1188
670 49939 96 47559 97 1206
680 50034 95 47653 94 1224
690 50126 92 47747 94 1242

700 50219 93 130 240 1220 47840 93 100 230 1170 1260
710 50310 91 47931 91 1278
720 50401 91 48020 89 1296
730 50490 89 48110 90 1314
740 50578 88 48197 87 1332

750 50665 87 48285 88 1350
760 50751 86 48370 85 1368
770 50837 86 48456 86 1386
780 50921 84 48540 84 1404
790 51003 82 48624 84 1422

800 51086 83 120 250 1250 48707 83 110 240 1200 1440
850 51488 402 49108 401 1530
900 51869 381 120 250 1280 49490 382 110 250 1230 1620
950 52232 363 49853 363 1710

1000 52581 349 120 260 1300 50202 349 110 250 1250 1800

1050 52916 335 50537 335 1890
1100 53238 322 110 260 1310 50859 322 110 250 1270 1980
1150 53549 311 51170 311 2070
1200 53848 299 120 270 1340 51469 299 110 240 1290 2160
1250 54136 288 51757 288 2250

1300 54416 280 130 270 1360 52037 280 120 260 1320 2340
1350 54687 271 52308 27"1 2430
1400 54950 263 130 260 1380 52571 263 130 270 1340 2520
1450 55205 255 52826 255 2610
1500 55454 249 130 280 1400 53075 249 130 270 1350 2700

1550 55696 242 53317 242 2790
1600 55933 237 130 280 1410 73554 237 130 270 1360 2880
1650 56165 232 53784 230 :70
1700 56392 227 140 290 1450 54009 225 120 280 1380 3060
1750 56613 221 54230 221 3150

Table 1510.05 ENTROPY (ST in ft-lbF/slug *R) for dry and moist air

(Continued) (See Section 1500.3 for definition of residuals)



1 August 1953 Entropy 1510.05-6

0.7 Atmosphere Pressure 1.0 Atmosphere Pressure
ST Residuals, for mole ST Residuals, for mole
% moisture content % moisture content

T S 0.1 1.0 5.0 S 0.1 1.0 5.0 T(°KI T °R)

550 45355 114 44743 115 990
560 45468 113 44855 11? 1008
570 45578 110 44965 110 026
580 45686 108 45073 108 104
590 45794 108 45179 106 1062

600 45899 105 70 220 1130 45286 107 80 210 1110 1080
610 46003 104 45391 105 1098
620 46106 103 45494 103 1116
630 46208 102 45595 101 1134
64C 46307 99 45594 99 1152

650 46405 98 45792 98 1170
660 46503 98 45890 98 1188
670 46599 96 45986 96 1206
680 46693 94 46081 95 1224
690 46786 93 46173 92 1242

700 46879 93 100 220 1150 46.66 93 110 230 1150 1260
710 46970 91 46357 91 1278
720 47061 91 46448 91 1296
730 47150 89 46537 89 1314
740 47238 88 46625 88 1332

750 47325 87 46712 87 1350
760 47411 86 46798 86 1368
770 47497 86 46884 86 1386
780 47581 84 46968 84 1404
790 47665 84 47052 84 1422

800 47747 82 110 240 1180 47135 33 100 230 1170 1440
850 48147 400 47534 399 1530
900 48528 381 110 250 1210 47916 382 110 240 1200 1620
950 48892 364 48279 363 1710

1000 49241 349 110 250 1230 48628 349 110 240 1220 1800

1050 49575 334 48963 335 1890
1100 49898 323 120 250 1260 49285 322 120 250 1250 1980
1150 50209 311 49596 311 2070
1200 505C7 298 110 250 1280 49895 299 110 250 1260 2160
1250 50796 289 50183 288 2250

1300 51076 280 120 260 1300 50463 280 120 250 1280 2340
1350 51347 271 50734 271 2430
1400 51609 262 130 270 1320 50998 264 120 270 1310 2520
1450 51865 256 51254 256 2610
1500 52114 249 120 270 1330 51503 249 120 260 1320 2700

1550 52356 242 51745 242 2790
1600 52593 237 120 260 1350 51982 237 120 260 1330 2880
1650 52823 230 52212 230 2970
1700 53048 225 120 270 1360 52437 225 130 280 1360 3060
1750 53269 221 52658 221 3150

Table 1510.05 ENTROPY (ST in ft-lbF/slug OR) for dry and moist air

(Continued) (See Section 1500.3 for definition of residuals)



NAVORD REPORT 1488 (Volume 5) HANDBOOK OF SUPERSONIC AERODYNAMICS
1510.05-7 Properties of Gases 1 August 1953

0.1 Atmosphere Pre.ssure 0.4 Atmosphere Pressure
ST Residuals, for mole ST Residuals, for mole

% moisture content % moisture content
T ST 0.1 1.0 5.0 ST 0.1 1.0 5.0 T

(OX) T (OR)

1800 56831 218 140 300 1470 54447 217 120 280 1410 3240
1850 57045 214 54660 213 3330
19oo 57257 212 150 310 1500 54869 209 140 290 1440 3420
1950 57466 209 55075 206 3510
2000 57674 208 150 320 1520 55278 203 14C 290 1460 3600

2050 57881 207 55478 200 3690
2100 58089 208 160 330 1570 55677 199 150 310 1500 3780
2150 58299 210 55877 200 3870
2200 58511 212 170 350 1630 56076 199 160 330 1550 3960
2250 58728 217 56275 199 4050

2300 58951 223 190 370 1700 56476 201 170 350 1600 4140
2350 59183 232 56680 204 4230
2400 59423 240 200 400 1800 56888 208 180 350 1650 4320
2450 59675 252 57100 212 4410
2500 59943 268 230 450 1920 57318 218 200 390 1730 4500

2550 60224 281 57543 225 4590
2600 60525 301 260 490 2100 57775 232 210 410 1820 4680
2650 60846 321 58015 240 4770
2700 61187 341 300 560 2300 58266 251 240 460 1950 4860
2750 61553 366 58371 105 4950

2800 61941 388 310 600 2550 58795 424 270 500 2110 5040
2850 5130
2900 62830 889 330 660 2850 59470 675 280 540 2280 5220
2950 5310
3000 63760 930 360 720 3190 60150 680 300 580 2490 5400

3100 60880 730 310 620 2720 5580
3200 61670 790 330 660 2970 5760
3300 62500 830 350 710 3240 5940
3400 63360 860 370 750 3480 6120
3500 64220 860 390 790 3710 6300

3600 65080 860 410 810 3900 6480
3700 65900 820 420 850 4080 6660
3800 66700 800 440 880 4230 6840
3900 67490 790 440 890 4350 7020
4000 68290 800 450 910 4440 7200

4100 69110 620 460 930 4520 7380
4200 70000 890 450 920 4560 7560
4300 70950 950 470 940 4620 7740
4400 72000 1050 470 960 4670 7920
4500 73180 1180 460 950 4700 8100

4600 74450 1270 470 960 4720 8280
4700 75840 1390 490 970 4740 8460
4800 77330 1490 490 970 4760 8640
4900 78920 1590 490 980 4760 8820
5000 80570 1650 480 960 4740 9000

Table 1510.05 ENTROPY (ST in ft-lbF/slug *R) for dry and moist air

(Continued) (See Section 1500.3 for definition of residugIs)



1 August 1953 Entropy 1510.05-8

0.7 Atmosphere Pressure 1.0 Atmosphere Pressure

ST Residuals, for mole ST Residuals, for mole

% moisture content % moisture content
T ST • 0.1 1.0 5.0 ST A 0.1 1.0 5.0 T

(*K) (°R)

1800 53486 217 120 270 1380 52874 216 130 270 1380 3240
1850 ý3698 212 53086 212 3330
1900 53906 208 130 280 1410 53293 207 140 280 1410 3420
1950 54110 204 53498 205 3510
2000 54311 201 150 290 1440 53698 200 140 280 1430 3600

2050 54510 199 53897 199 3690
2100 54708 198 140 300 1470 54093 196 140 360 1460 3780
2150 54903 195 54287 194 3870
2200 55099 196 150 320 1510 54481 194 150 310 1490 3960
2250 55293 194 54613 192 4050

2300 55489 196 160 340 1560 54866 193 160 330 1530 4140
2350 55686 197 55060 194 4230
2400 55885 199 180 340 1610 55255 i95 170 340 1580 4320
2450 56088 203 55453 198 44•0
2500 56294 206 190 370 1680 55653 200 180 360 1640 4500

2550 56505 211 55858 205 4590
2600 56721 216 200 400 1760 56065 207 190 380 1710 4680
2650 56943 222 56280 215 4770
2700 57171 228 230 430 1860 56501 221 220 420 1800 4660
2750 57406 235 56730 229 4950

2800 57648 242 230 460 1970 56967 237 '20 450 1920 5040
2850 57212 245 5130
2900 58260 612 260 500 2130 57469 257 260 480 2050 5220
2950 57737 268 5310
3000 58850 590 280 540 2300 58015 278 270 510 2190 5400

3100 59490 640 300 580 2490 58650 635 280 560 2360 5580
3200 60190 700 310 620 2700 59290 640 300 600 2550 5760
3300 60930 740 330 660 2940 59980 690 320 630 2760 5940
3400 61710 780 350 700 3160 60710 730 330 670 2970 6120
3500 62510 800 370 730 3380 61460 750 350 690 3180 6300

3600 63320 810 380 760 3580 62230 770 360 730 3380 6480
3700 64110 790 400 800 3780 63000 770 380 750 3580 6660
3800 64890 780 410 820 3150 63760 760 390 780 3750 6840
3900 65660 770 410 830 4080 64510 750 400 600 3900 7020
4000 66420 760 420 860 4200 65250 740 410 830 4040 7200

4100 67180 760 440 890 4300 65990 740 420 850 4140 7380
4200 67980 800 430 890 4370 66740 750 430 870 4240 7560
4300 68810 830 450 910 4440 67520 780 440 890 4320 7740
4400 69710 900 450 920 4500 68350 830 440 900 4380 7920
4500 70690 980 460 920 4550 69230 880 460 910 4450 8100

4600 71750 1060 460 940 4580 70190 960 450 920 4480 8280
4700 72910 1160 470 940 4610 71220 1030 460 930 4520 8460
4800 74170 1260 470 940 4630 72350 1130 460 920 4550 8640
4900 75510 1340 480 970 4660 73550 1200 470 940 4580 8820
5000 76950 1440 470 940 4650 74850 1300 460 930 4580 9000

Table 1510.05 ENTROPY (ST in ft-lb F/Slug R) for dry and moist air

(Continued) (See Section 1500.3 for definition of residuals)



NAVORD REPORT 1488 (Volume 5) HANDBOOK OF SUPERSONIC AERODYNAMICS
1510.05-9 Properties of Gases 1 August 1953

1.0 Atmosphere Pressure 4.0 Atmospheres Pressure

ST Residuals, for mole ST Residuals, for mole

% moisture content % moisture content
T ST 4 0.1 1.0 5.0 ST 1 0.1 1.0 5.0 T(OK) (OR)

90 33761 162

100 34414 653 180
110 34997 583 32447 198
120 35528 531 33020 573 216
130 36013 485 33535 515 234
140 36463 450 34003 468 252

150 36880 417 34436 433 270
160 37270 390 34836 400 288
170 37636 366 35207 371 306
180 37981 345 35557 350 324
190 38307 326 35888 331 342

200 38616 309 36202 314 360
210 38909 293 36499 297 378
220 39189 280 36782 283 396
230 39455 266 37052 270 414
240 39711 256 37311 259 432

250 39956 245 37558 247 450
260 40193 237 37795 237 468
270 40420 227 38023 228 486
280 40638 218 38245 222 504
290 40849 211 38458 213 522

300 41053 204 90 200 1000 38662 204 100 200 970 540
310 41250 197 38859 197 558
320 41443 193 39052 193 576
330 41628 185 39239 187 594
340 41808 180 39419 180 612

350 41983 175 39594 175 630
360 42153 170 39764 170 648
370 42318 165 39930 166 666
380 42479 161 40092 162 684
390 42637 158 40250 158 702

400 42790 153 90 210 1050 40404 154 90 200 1010 720
410 42939 149 40555 151 738
420 43085 146 40701 146 755
430 43230 145 40844 143 774
440 43370 140 40984 140 792

450 43508 138 41122 138 810
460 43640 132 41256 134 828
470 43772 132 41388 132 846
480 43901 129 41518 130 864
490 44028 127 41645 127 882

500 44153 125 100 210 1090 41771 126 100 210 1050 900
510 44275 122 41892 121 918
520 44395 120 42011 119 936
530 44513 118 42129 118 954
540 44628 115 42246 117 972

Table 1510.05 ENTROPY (ST in ft-lbF/slug OR) for dry and moist air

(Continued) (See Section 1500.3 for definition of residuals)



1 August 1953 Entropy 1510.05-10

7.0 Atmospheres Pressure 10.0 Atmospheres Pressure

ST Residuals, for mole ST Residuals, for mole

% moisture content % moisture content
T ST a 0.1 1.0 5.0 ST A 0.1 1.0 5.0 T

(°K) T.. (OR)

110 31334 30529 198
12d 31944 610 31192 663 216
130 32483 539 31763 571 234
140 32967 484 32272 509 252

150 33413 444 32732 460 270
160 33822 411 33152 420 288
170 34203 381 33542 390 306
180 34560 357 33906 364 324
190 34894 334 34247 341 342

200 35210 316 34568 321 360
210 35511 301 34872 304 376
220 35795 284 35160 288 394
230 36067 272 35435 275 414
240 36326 159 35698 263 432

250 36575 249 35950 252 450
260 36815 240 36190 240 468
270 37047 232 36422 232 486
280 37270 223 36643 221 504
290 37484 214 36858 215 522

300 37690 206 110 210 960 37066 208 120 220 960 540
310 37890 200 37265 199 558
320 38082 192 37459 194 576
330 38269 187 37646 187 594
340 38449 180 37828 182 612

350 38624 175 38005 177 63D
360 38796 172 38176 171 648
370 38962 166 38343 167 666
380 39125 163 38506 163 684
390 39283 158 38665 159 702

400 39438 155 100 200 990 38820 155 100 200 980 720
410 39587 149 38169 149 738
420 39735 148 39117 148 756
430 39879 144 39261 144 774
440 40020 141 39402 141 792

450 40157 137 39541 139 810
460 40291 134 39675 134 828
470 40423 132 39807 132 846
480 40554 131 39937 130 864
490 40681 127 40064 127 882

500 40806 125 90 200 1020 40190 126 90 200 1010 900
510 40928 122 40312 122 918
520 41048 120 40432 120 936
530 41165 117 40550 118 954
540 41281 116 40667 117 972

Table 1510.05 ENTROPY (ST in ft-lbF/slug OR) for dry and moist air

(Continued) (See Section 1500.3 for definition of residuals)



NAVORD REPORT 1488 (Volume 5) HANDBOOK OF SUPERSONIC AERODYNAMICS
1510.05-11 Properties of Gases 1 August 1953 S

1.0 Atmosphere Pressure 4.0 Atmospheres Pressure

ST Residuals, for mole ST Residuals, for mole

% moisture content % moisture content
T ST A 0.1 1.0 5.0 ST A 0.1 1.0 5.0 T

(OK) (OR)

550 44743 115 42361 115 990
560 44855 112 42473 112 1008
570 44965 110 42582 109 1026
580 45073 108 42691 109 1044
590 45179 106 42797 106 1062

600 45286 107 80 210 1110 42903 106 100 220 1080 1080
610 45391 105 43008 105 1098
620 45494 103 43111 103 1116
630 45595 101 43212 101 1134
640 45694 99 43312 100 1152

650 45792 98 43410 98 1170
660 45890 98 43508 98 1188
670 45986 96 43604 96 1206
680 46081 95 43698 94 1224
690 44173 92 43793 95 1242

700 46266 93 110 230 1150 43885 92 100 220 1100 1260
710 46357 91 43976 91 1278
720 46444 91 44067 91 1296
730 4"537 89 44156 89 1314
740 44025 88 44244 88 1332

750 46712 87 44332 88 1350
760 46798 86 44417 85 1368
770 46884 86 44503 86 1386
760 46966 84 44587 84 1404
790 47052 84 44671 84 1422

600 47135 83 100 230 1170 44754 83 100 220 1120 1440
650 47534 399 45154 400 1530
900 47916 382 110 240 Le00 45535 381 110 230 1160 1620
950 48279 363 45900 365 1710

1000 46628 349 110 240 1220 46249 349 110 240 1180 1800

1050 48963 335 46584 335 1890

1100 49285 322 120 250 1250 46906 322 110 240 1200 1980
1150 4996 311 47217 311 2070
1,e0O 49895 299 110 250 1260 47516 299 110 240 1220 2160
1250 50183 288 47804 288 2250

1300 50463 280 120 250 1280 48084 280 120 250 1230 2340
1350 50734 271 48355 271 2430
1400 50998 264 120 270 1310 48618 263 120 250 1260 2520
1450 51254 256 48873 255 2610
1500 51503 249 120 260 1320 49122 249 120 250 1270 2700

1550 51745 242 49364 242 2790
1600 51982 237 120 260 1330 49601 237 120 250 1290 2880
1650 52212 230 49831 230 2970
1700 52437 225 130 280 1360 50056 225 130 260 1310 3060
1750 52658 221 50276 220 3150

Table 1510.05 ENTROPY (ST in ft-lbF/slug OR) for dry and moist air O

(Continued) (See Section 1500.3 for definition of residuals)



1 August 1953 Entropy 1510.05-12

7.0 Atmospheres Pressure 10.0 Atmospheres Pressure
ST Residuals, for mole ST Residuals, for mole

% moisture content % moisture content
T ST . 0.1 1.0 5.0 ST A 0.1 1.0 5.0 T

(_K) (OR)

550 41396 115 40782 115 990
560 41510 114 40895 113 1008
570 41619 109 41005 110 1026
580 41728 109 41113 108 1044
590 41834 106 41221 108 1062

600 41940 106 100 210 1060 41328 107 100 210 1050 1080
610 42045 105 41432 104 1098
620 42148 103 41535 103 1116
630 42249 101 41637 102 1134
640 42349 100 41736 99 1152

650 42449 100 41834 98 1170
660 42546 97 41932 98 1188
670 42643 97 42028 96 1206
680 42737 94 42122 94 1224
690 42830 93 42217 95 1242

700 42922 92 100 210 1080 42310 93 100 2;0 1070 1260
710 43013 91 42400 90 1278
720 43104 91 42491 91 1296
730 43194 90 42581 90 1314
740 43281 87 42668 87 1332

750 43369 88 42756 88 1350
760 43454 85 42842 86 1368
770 43540 86 42927 85 1386
780 43624 84 43012 85 1404
790 43708 84 43096 84 1422

800 43791 83 100 220 1100 43178 82 100 220 1100 1440
850 44192 401 43578 400 1530
900 44574 382 110 220 1140 43959 381 100 220 1120 1620
950 44939 365 44323 364 1710

1000 45288 349 110 230 1160 44671 348 100 230 1150 1800

1050 45622 334 45008 337 1890
1100 45945 323 110 240 1180 45329 321 100 230 1170 1980
1150 46254 309 45638 309 2070
1200 46554 300 110 240 1200 45938 300 110 250 1190 2160
1250 46843 289 46227 289 2250

1300 47123 280 110 240 1210 46505 278 120 250 1210 2340
1350 47394 271 46776 271 2430
1400 47656 262 120 250 1240 47038 262 110 240 1230 2520
1450 47912 256 47294 256 2610
1500 48161 249 120 250 1250 47543 249 110 240 1240 2700

1550 48403 242 47785 242 2790
1600 48640 237 120 260 1280 48022 237 120 260 1270 2880
1650 48870 230 48252 230 2970
1700 49095 225 130 260 1290 48477 225 120 250 1280 3060
1750 49314 219 48697 220 3150

Table 1510.05 ENTROPY (ST in ft-lbF/slug OR) for dry and moist air
(Continued) (See Section 1500.3 for definition of residuals)



NAVORD REPORT 1488 (Volume 5) HANDBOOK OF SUPERSONIC AERODYNAMICS
1510.05-13 Properties of Gases 1 August 1953

1.0 Atmosphere Pressure 4.0 Atmospheres Pressure
ST Residuals, for mole ST Residuals, for mole

% moisture content % moisture content
T ST • 0.1 1.0 5.0 ST A 0.1 1.0 5.0 T("() _(R)

1600 52074 216 130 270 1380 50492 216 120 270 1330 3240
1850 53086 212 50703 211 3330
1900 53293 207 140 280 1410 5C911 208 130 270 1350 3420
1950 53498 205 51115 204 3510
2000 53698 200 140 280 1430 51316 201 130 280 1380 3600

2050 53897 199 51513 197 3690
2100 54093 196 140 300 1460 51707 194 140 290 1400 3780
2150 54287 194 51899 192 3870
2200 54481 194 150 310 1490 52088 189 140 300 1430 3960
2250 54673 192 52275 187 4050

2300 54866 193 160 330 1530 52461 186 150 300 1460 4140
2350 55060 194 52646 185 4230
2400 55255 195 170 340 1580 52830 184 160 330 1500 4320
2450 55453 198 53013 183 4410
2500 55653 200 180 360 1640 53197 184 160 330 1530 4500

2550 55858 205 53383 186 4590
2600 56065 207 190 380 1710 53568 185 170 350 1580 4680
2650 56280 215 53755 187 4770
2700 56501 221 220 420 1800 53946 191 180 360 1640 4860
2750 56730 229 54138 192 4950

2800 56967 237 220 450 1920 54333 195 190 390 1710 5040
2850 57212 245 54533 200 5130
2900 57469 257 260 480 2050 54737 204 220 410 1810 5220
2950 57737 268 54946 209 5310
3000 58015 278 270 510 2190 55161 215 230 430 1890 5400

3100 58650 635 280 560 2360 55650 489 250 470 1990 5580
3200 59290 640 300 600 2550 56130 480 260 500 2110 5760
3300 59980 690 320 630 2760 56640 510 270 520 2240 5940
3400 60710 730 330 670 2970 57180 540 280 550 2380 6120
3500 61460 750 350 690 3180 57750 570 290 580 2530 6300

3600 62230 770 360 730 3380 58340 590 310 610 2690 6480
3700 63000 770 380 750 3580 58970 630 320 630 2860 6660
3800 63760 760 390 780 3750 59610 640 320 650 3010 6840
3900 64510 750 400 800 3900 60250 640 340 690 3180 7020
4000 65250 740 410 830 4040 60910 660 340 700 3330 7200

4100 65990 740 420 850 4140 61569 650 360 730 3460 7380
4200 66740 750 430 870 4240 62210 650 380 750 3600 7560
4300 67520 780 440 890 4320 62860 650 380 780 3710 7740
4400 68350 830 440 900 4380 63510 650 390 800 3820 7920
4500 69230 880 460 910 4450 64180 670 400 810 3910 8100

4600 70190 960 450 920 4480 64870 690 400 810 3990 8280
4700 71220 1030 460 930 4520 65580 710 410 830 4060 8460
4800 72350 1130 460 920 4550 66330 750 420 840 4120 8640
4900 73550 1200 470 940 4580 67120 790 420 850 4170 8820
5000 74850 1300 460 930 4580 67960 840 420 870 4210 9000

Table 1510.05 ENTROPY (ST in ft-lbF/slug OR) for dry and moist air

(Continued) (See Section 1500.3 for definition of residuals)



1 August 1953 Entropy 1510.05-14

7.0 Atmospheres Pressure 10.0 Atmospheres Pressure

ST Residuals, for mole ST Residuals, for mole

% moisture content % moisture content
T ST 4 0.1 1.0 5.0 ST 4 0.1 1.0 5.0 T

(°K) (OR)

1800 49531 217 120 260 1320 48913 216 130 270 1310 3240
1850 49742 211 49124 211 3330
1900 49950 208 130 280 1340 49332 208 130 270 1330 3420
1950 50154 204 49534 202 3510
2000 50353 199 130 270 1350 49733 199 120 270 1340 3600

2050 50550 197 49929 196 3690
2100 50744 194 130 280 1380 50123 194 140 280 1370 3780
2150 50935 191 50313 190 3870
2200 51124 189 140 290 1400 50501 188 140 290 1390 3960
2250 51309 185 50686 185 4050

2300 51493 184 150 290 1440 50870 184 150 290 1420 4140
2350 51676 183 51052 182 4230
2400 51858 182 150 310 1470 51232 180 150 310 1450 4320
2450 52039 181 51410 178 4410
2500 52219 180 150 310 1500 51589 179 140 310 1470 4500

2550 52399 180 51767 178 4590
2600 52579 180 160 330 1540 51946 179 170 330 1520 4680
2650 52761 182 52124 178 4770
2700 52943 182 180 360 1600 52303 179 170 340 1570 4860
2750 53127 184 52483 180 4950

2800 53312 185 190 380 1660 52663 180 180 360 1620 5040
2850 53499 187 52845 182 5130
2900 53690 191 190 380 1720 53031 186 190 370 1680 5220
2950 53884 194 53218 187 5310
3000 54081 197 220 410 1800 53407 189 200 400 1750 5400

3100 54540 459 220 430 1880 53850 443 210 420 1820 5580
3200 54970 430 240 470 1990 54250 400 240 450 1920 5760
3300 55420 450 260 490 2100 54680 430 240 470 2010 5940
3400 55900 480 260 520 2210 55130 450 250 490 2120 6120
3500 56410 510 280 540 2340 . 55600 470 260 520 2230 6300

3600 56940 530 280 560 2470 56090 490 280 540 2350 6480
3700 57500 560 300 590 2610 56610 520 290 560 2470 6660
3800 58070 570 300 610 2760 57140 530 290 590 2610 6840
3900 58660 590 320 640 2910 57690 550 310 620 2750 7020
4000 59270 610 320 660 3050 58260 570 320 630 2890 7200

4100 59870 600 340 680 3190 58830 570 330 660 3020 7380
4200 60480 610 360 700 3320 59420 590 330 670 3140 7560
4300 61090 610 360 720 3440 60000 580 340 690 3260 7740
4400 61700 610 370 740 3550 60580 580 350 710 3380 7920
4500 62320 620 370 760 3650 61170 590 360 730 3490 8100

4600 62940 620 390 780 3750 61760 590 380 750 3590 8280
4700 63580 640 390 790 3830 62370 610 380 760 3670 8460
4800 64240 660 400 810 3900 62980 610 390 780 3750 8640
4900 64930 690 400 810 3960 63620 640 390 790 3820 8820
5000 65650 720 410 830 4020 64290 670 390 800 3870 9000

Table 1510.05 ENTROPY (ST in ft-lbF/slug *R) for dry and moist air

(Continued) (See Section 1500.3 for definition of residuals)



NAVORD REPORT 1488 (Volume 5) HANDBOOK OF SUPERSONIC AERODYNAMICS
1510.05-15 Properties of Gases 1 August 1953

10.0 Atmospheres Pressure 40.0 Atmospheres Pressure
ST Residuals, for mole ST Residuals, for mole

% moisture content % moisture content
T ST 0.1 1.0 5.0 ST 0.1 1.0 5.0 T

(OK) (OR)

110 30529 198
120 31192 663 216
130 31763 571 234
140 32272 509 252

150 32732 460 270
160 33152 420 29995 288
170 33542 390 30605 610 306
180 33906 364 31039 434 324
190 34247 341 31461 422 342

200 34568 321 31842 381 360
210 34872 304 32193 351 378
220 35160 288 32520 327 396
230 35435 275 32824 304 414
240 35698 263 33111 287 432

250 35950 252 33384 273 450
260 36190 240 33643 259 468
270 36422 232 33888 245 486
280 36643 221 34124 236 504
290 36858 215 34352 228 522

300 37066 208 120 220 960 34566 214 540
310 37265 199 34778 212 558
320 37459 194 34980 202 576
330 37646 187 35174 194 594
340 37828 182 35363 189 612

350 38005 177 35543 180 630
360 38176 171 35720 177 648
370 38343 167 35893 173 666
380 38506 163 36060 167 684
390 38665 159 36223 163 702

400 38820 155 100 200 980 36379 156 720
410 38969 149 36534 155 738
420 39X17 148 36685 151 756
430 39261 144 36832 147 774
440 39402 141 36975 143 792

450 39541 139 37115 140 810
460 39675 134 37253 138 828
470 39807 132 37387 134 846
480 39937 130 37517 130 864
490 40064 127 37646 129 882

500 40190 126 90 200 1010 37773 127 130 230 1000 900
510 40312 122 37898- 125 918
520 40432 120 38020 122 936
530 40550 118 38140 120 954
540 40667 117 38259 119 972

Table 1510.05 ENTROPY (ST in ft-lbF/slug OR) for dry and moist air

(Continued) (See Section 1500.3 for definition of residuals)



I August 1953 Entropy 1510.05-16

70.0 Atmospheres Pressure 100.0 Atmospheres Pressure

ST Residuals, for mole ST Residuals, for mole
% moisture content % moisture content

T S .5 0.1 1.0 5.0 S' . 0.1 1.0 5.0 T
(°K) T r (0R)

180 29462 28Z21 324
190 30025 563 28942 721 342

200 30497 472 29496 554 360
210 30912 415 29989 493 378
220 31286 374 30413 424 396
230 31628 342 30790 377 414
240 31944 316 31134 344 432

250 32239 295 31453 319 450
260 32519 280 31748 295 468
270 32781 262 32026 278 486
280 33029 248 32290 264 504
290 33269 240 32544 254 522

300 33494 225 32776 232 540
310 33713 21g 33004 228 558
320 33925 212 33224 220 576
330 34127 202 33434 210 594
340 34319 192 33631 197 612

350 34505 186 33822 291 630
360 34688 183 34009 187 648
370 34865 177 34189 180 666
380 35037 172 34366 177 684
390 35202 165 34534 168 702

400 35363 161 34697 163 720
410 35521 158 34858 161 738
420 35674 153 35014 156 756
430 35823 149 35166 152 774
440 35969 146 35315 149 792

450 36111 142 35459 144 810
460 36250 139 35603 144 828
470 36388 138 35742 139 846
480 36522 134 35878 136 864
490 36652 130 36012 134 882

500 36781 129 36142 130 900
510 36906 125 36269 127 918
520 37030 124 36393 124 936
530 37150 120 36513 120 954
540 37268 118 36631 118 972

Table 1510.05 ENTROPY (ST in ft-lbF/slug OR) for dry and moist air

(Continued) (See Section 1500.3 for definition of residuals)



NAVORD REPORT 1488 (Volume 5) HANDBOOK OF SUPERSONIC AERODYNAMICS
1510.05-17 Properties of Gases 1 August 1953

10.0 Atmospheres Pre- Are 40.0 Atmospheres Pressure

S Residu,.. , for mole ST Residuals, for mole

I moi-" re content % moisture content
T ST A 0.1 1.0 5.0 ST a 0.1 1.0 5.0 T
(K) ! (°R)

550 40782 115 38374 115 990
560 40895 113 38487 113 1008
570 41005 110 35598 111 1026
580 4.A'3 108 38708 110 1044
590 41421 108 38816 108 1062

600 41328 107 100 210 1050 38925 109 110 220 1030 1080
610 41432 104 39029 104 1098
620 41535 103 39132 103 1116
630 41637 102 39235 103 1134
640 41736 99 39337 102 1152

650 41834 98 39436 99 1170
660 41932 98 39534 98 1188
670 42020 96 39630 96 1206
680 42122 94 39726 96 1224
690 42217 95 39821 95 1242

700 42310 93 100 220 1070 39913 92 110 230 1050 1260
710 42400 90 40006 93 1278
720 42491 91 40097 91 1296
730 42581 90 40186 89 1314
740 42668 87 40275 89 1332

750 42756 88 40363 88 1350
760 42842 86 40451 88 1368
770 42927 85 40536 85 1386
780 43012 85 40620 84 1404
790 43096 84 40705 85 1422

800 43178 82 100 220 1100 40787 82 110 230 1070 1440
850 43578 400 41189 402 1530
900 43959 381 100 220 1120 4157] 382 110 230 1090 1620
950 44323 364 41935 364 1710

1000 44671 348 100 230 1150 42284 349 110 230 1110 1800

1050 45008 337 42620 336 1890
1100 45329 321 100 230 1170 42943 323 110 230 1140 1980
1150 45638 309 43252 309 2070
1200 45938 300 110 250 1190 43552 300 100 220 1140 2160
1250 46227 289 43839 287 2250

1300 46505 278 120 250 1210 44117 278 110 230 1170 2340
1350 46776 271 44388 271 2430
1400 47038 262 110 240 1230 44651 263 110 240 1190 2520
1450 47294 256 44907 256 2610
1500 47543 249 110 240 1240 45154 247 110 240 1200 2700

1550 47785 242 45396 242 2790
1600 48022 237 120 260 1270 45633 237 110 250 1220 2880
1650 48252 230 45863 230 2970
1700 4847' 225 120 250 1280 46087 224 110 250 1230 3060
1750 48697 220 46307 220 3150

Table 1510.05 ENTROPY (ST in ft-lbF/slug OR) for dry and moist air

(Continued) (See Section 1500.3 for definition of residuals)



1 August 1953 Entropy 1510.05-18

70.0 Atmospheres Pressure 100.0 Atmospheres Pressure

ST Residuals, for mole ST Residuals, for mole

% moisture content % moisture content
T ST 0.1 1.0 5.0 ST - 0.1 1.0 5.0 T

(OK) ('R)

550 37385 117 36748 117 990
560 37500 115 36863 115 1008
570 37613 113 36976 113 1026
580 37725 112 37090 114 1044
590 37835 110 37201 ill 1062

600 37941 106 37309 108 lodo
610 38047 106 37416 107 t098
620 38152 105 37521 10 1116
630 38255 103 37624 103 1134
640 38356 I0i 37727 103 1152

650 38456 100 37828 101 1170
660 38556 lOC 37927 99 1188
670 38653 97 38025 98 1206
680 38750 97 38121 96 1224
690 38844 94 38217 96 1242

700 38938 94 38312 95 1260
710 39031 93 38405 93 1278
720 39122 91 38495 90 1296
730 39211 89 38586 91 1314
740 39301 90 38676 90 1332

750 39388 87 38765 89 1350
760 39476 88 38853 88 1368
770 39561 85 38938 85 1386
780 39647 86 39024 86 1404
790 39731 84 39108 84 1422

800 39815 84 120 240 1060 39192 84 1440
850 40221 406 39597 405 1530
900 40603 382 110 230 1080 39982 385 1620
950 40967 364 40346 364 1710

1000 41317 350 110 230 1100 40696 350 1800

1050 41654 33? 41032 336 1890
1100 41975 321 110 230 1120 41355 323 120 240 1120 19bO
1150 42285 310 41666 311 2070
1200 42584 299 100 220 1130 41965 299 120 230 *1130 2160
1250 42871 287 42251 286 2250

1300 43149 278 110 230 1150 42529 278 110 230 1150 2340
1350 43420 271 42800 271 2430
1400 43681 261 110 250 1170 43061 261 120 250 1170 2520
1450 43937 256 43317 256 2610
1500 44184 247 110 240 1190 43564 247 110 240 1180 2700

1550 44426 242 43806 242 2790
1600 44663 237 110 250 1200 44043 237 120 250 1200 2880
1650 44895 232 44275 232 2970
1700 45121 226 110 250 1220 44501 226 120 250 1210 3060
1750 45343 222 44723 222 3150

Table 1510.05 ENTROPY (ST in ft-lbF/slug OR) for dry and moist air

(Continued) (See Section 1500.3 for definition of residuals)



NAVORD REPORT 1488 (Volume 5) HANDBOOK OF SUPERSONIC AERODYNAMICS
1510.05-19 Properties of Gases 1 August 1953

10.0 Atmospheres Pressure 40.0 Atmospheres Pressure
ST Residuals, for mole ST Residuals, for mole
% roisture content % moisture content

T ST A 0.1 1.0 5.0 ST A 0.1 1.0 5.0 T
(°K) (OR)

1800 48913 216 130 270 1310 46523 216 120 260 1260 3240
1850 49124 211 46735 212 3330
1900 49332 208 130 270 1330 46942 207 130 260 1280 3420
1950 49534 202 47145 203 3510
2000 49733 199 120 270 1340 47344 199 130 260 1290 3600

2050 49929 196 47540 196 3690
2100 50123 194 140 280 1370 47732 192 130 270 1310 3780
2150 50313 190 47921 189 3870
2200 50501 188 140 290 1390 48108 187 130 270 1330 3960
2250 50686 185 48291 183 4050

2300 50870 184 150 290 1420 48473 182 130 280 1360 4140
2350 51052 132 48652 179 4230
2400 51232 180 150 310 1450 48829 177 140 290 1380 4320
2450 51410 178 49004 175 4410
2500 51589 179 140 310 1470 49177 173 130 290 1410 4500

2550 51767 178 49349 172 4590
2600 51946 179 170 330 1520 49519 170 150 310 1440 4680
2650 52124 178 49689 170 4770
2700 52303 179 170 340 1570 49857 168 160 310 1480 4860
2750 52483 180 50025 168 4950

2800 52663 180 180 360 1620 50193 168 160 330 1510 5040
2850 52845 182 50362 169 5130
2900 53031 186 190 370 1680 50530 168 170 350 1560 5220
2950 53218 107 50698 168 5310
3000 53407 189 200 400 1750 50866 168 180 "360 1610 5400

3100 53850 443 210 420 1820 51260 394 190 370 1650 5580
3200 54250 400 240 450 1920 51600 340 210 400 1720 5760
3300 54680 430 240 470 2010 51960 360 210 410 1770 5940
3400 55130 450 250 490 2120 52320 360 220 430 1840 6120
3500 55600 470 260 520 2230 52690 370 230 450 1920 6300

3600 56090 490 280 540 2350 53070 380 240 460 1990 6480
3700 56610 520 290 560 2470 53460 390 250 490 2080 6660
3800 57140 530 290 590 2610 53860 00 260 510 2170 6840
3900 57690 550 310 620 2750 54280 420 260 510 2250 7020
4000 58260 570 320 630 2890 54710 430 270 540 2350 7200

4100 58830 570 330 660 3020 55150 440 280 550 2440 7380
4200 59420 590 330 670 3140 55610 460 280 560 2530 7560
4300 60000 580 340 690 3260 56070 460 290 580 2650 7740
4400 60580 580 350 710 3380 56550 480 290 600 2740 7920
4500 61170 590 360 730 3490 57030 480 310 620 2850 8100

4600 61760 590 380 750 3590 57520 490 320 640 2940 8280
4700 62370 610 380 760 3670 58020 500 320 640 3040 8460
4800 62980 610 390 780 3750 58520 500 320 660 3120 8640
4900 63620 640 390 790 3820 59020 500 330 680 3210 8820
5000 64290 670 390 800 3870 59540 520 340 690 3280 9000

Table 1510.05 ENTROPY (ST in ft-lbF /slug OR) for dry and. moist air S
(Continued) (See Section 1500.3 for definition of residuals)



1 August 1953 Entropy 1510.05-200

70.0 Atmospheres Pressure 100.0 Atmospheres Pressure

ST Residuals, for mole ST Residuals, for mole

% moisture content % moisture content
T ST 0.1 1.0 5.0 ST A 0.1 1.0 5.0 T

(OK) T (OR)

1800 45559 216 110 250 1230 44939 216 120 250 1220 3240
1850 45770 211 45150 211 3330
1900 45976 206 120 250 1260 45356 206 130 250 1250 3420
1950 46178 202 45559 203 3510
2000 46378 200 130 250 1270 45758 199 130 250 1260 3600

2050 46573 195 45954 196 3690
2100 46765 192 120 260 1290 46146 192 120 250 1270 3780
2150 46954 189 46335 189 3870
2200 47140 186 130 270 1320 46520 185 130 270 1300 3960
2250 47323 183 46704 184 4050

2300 4-505 182 120 270 1320 46884 180 120 280 1310 4140
2350 47684 179 47062 178 4230
2400 47861 177 150 280 1360 47238 176 140 270 1340 4320
2450 48034 173 47411 173 4410
2500 48206 172 130 290 1380 47583 172 130 290 1370 4500

2550 48376 170 47752 169 4590
2600 48544 168 150 300 1410 47921 169 140 300 1390 4680
2650 48712 168 48087 166 4770
2700 48878 166 150 310 1440 48252 165 150 300 1420 4860
2750 49045 167 48417 165 4950

2800 49210 165 160 320 1480 48580 163 150 310 1450 5040
2850 49375 165 48743 163 5130
2900 49539 164 170 340 1520 48904 161 170 330 1500 5220
2950 49704 165 49066 162 5310
3000 49867 163 170 350 1560 49225 159 180 350 1530 5400

3100 50250 383 180 350 1590 49600 375 180 350 1570 5580
3200 50570 320 200 380 1660 49920 320 190 370 1620 5760
3300 50900 330 210 400 1710 50240 320 200 390 1670 5940
3400 51240 340 220 410 1770 50570 330 210 400 1720 6120
3500 51590 350 220 420 1820 50900 330 220 410 1780 6300

3600 51940 350 230 440 1890 51240 340 22r 430 1830 6480
3700 52300 360 230 460 1970 51590 350 220 440 1910 6660
3800 52670 370 240 480 2040 51940 350 230 460 1970 6840
3900 53050 380 250 480 2110 52300 360 240 470 2040 7020
4000 53440 390 250 500 2190 52670 370 240 480 2100 7200

4100 53830 390 270 520 2280 53040 370 260 500 2180 7380
4200 54240 410 270 540 2360 53420 380 260 520 2270 7560
4300 54660 420 270 540 2440 53810 390 270 520 2340 7740
4400 55090 430 280 560 2530 54210 400 270 540 2410 7920
4500 555Z0 430 290 580 2630 54610 400 290 550 2500 8100

4600 55960 440 300 600 2710 55020 410 280 570 2570 8280
4700 56410 450 310 600 2800 55430 410 301 580 2660 8460
4800 56870 460 300 610 2880 55860 430 300 600 2740 8640
4900 57330 460 310 630 2960 56290 430 310 610 2810 8820
5000 57800 470 320 650 3040 56730 440 310 620 2890 9000

Table 1510.05 ENTROPY (ST in ft-lbF/slug OR) for dry and moist air

(Concluded) (See Section 1500.3 for definition of residuals)



NAVORD REPORT 1488 (Volume 5) HANDBOOK OF SUPERSONIC AERODYNAMICS
1510.06-1 Properties of Gases 1 August 1953

1510.06 Specific Heat at Constant Volume

0.01 Atmosphere Pressure

T c, A T T c T
(K) (SR) (OK) (OR)

50 4276.7 90 300 4291.9 25 540
60 4276.8 1 108 310 4295.2 33 558
70 4276.8 0 126 320 4298.9 37 576
80 4276.8 0 144 330 4302.7 38 594
90 4276.8 0 162 340 4307.0 43 612

100 4276.8 o 180 350 4312.0 50 630
110 4276.8 0 198 360 4317.3 53 648
120 4276.7 1 216 370 4323.3 60 666
130 4276.6 1 234 380 4329.8 63 684
140 4276.6 0 252 390 4336.4 66 702

150 4276.9 3 270 400 4343.5 71 720
160 4276.9 0 288 410 4351.1 76 738
170 4276.9 0 306 420 4359.5 b4 756
180 4277.0' 1 324 430 4367.8 b3 774
190 4277.4 4 342 440 4376.9 91 792

200 4277.8 4 360 450 4366.5 96 810
210 4278.0 2 378 460 4396.5 100 82d
220 4278.7 7 396 470 4406.8 103 846
230 4279.6 9 414 480 4417.3 105 664
240 4280.2 6 432 490 4428.4 111 882

250 4281.8 16 450 500 4439.8 114 900
260 4283.1 13 468 510 4451.4 116 918
270 4284.9 18 486 520 4463.2 118 936
280 4287.1 22 504 530 4475.7 125 954
290 428-9@4 23 522 540 4488.5 128 972

Conversion Factors for Specific Heat at Constant Volume (cV)

To Convert To Having Dimensions Multiply
Tabulated Value of Indicated below by

c cv ft 2 sec-2 oR-1 1.00000

with dimensions of ft lbF lbmI OR-I 0.0310810

ft lbF slug-1 OR-1 ft lbF molelb OR-1 0.900293

Btu lb• 1 OR- 1  3.99680 x10-5
m

Btu molel 1 OR-1 0.0115771
__ __ __ __ __ __ _lb I _ __ __I_ _

Table 1510.06 SPECIFIC HEAT AT CONSTANT VOLUME (c in ft-lbF /slug OR) for
dry and moist air
(See Section 1500.3 for definition of residuals)



1 August 1953 Specific Heat at Constant Volume 1510.06-2

0.01 Atmosphere Pressure

T c T T c A T

(a"_) v (OR) (K) v (OR)

550 4501.4 129 990 800 4853.2 138 1440
560 4514.4 130 1005 850 4921 68 1530
570 4527.6 132 1026 900 4987 66 1620
580 4541.1 135 1044 950 5052 65 1710
590 4554.6 135 1062 1000 5112 60 1800

600 4568.5 139 1080 1050 5171 59 1890
610 4582.3 138 1098 l1O0 5226 55 1960
620 4596o5 142 1116 1150 5283 57 2070
630 4610.4 139 1134 1200 5335 52 2160
640 4624.6 142 1152 1250 5387 52 2250

650 4639.1 145 1170 1300 5440 53 2340
660 4653.4 143 1188 1350 5492 52 2430
670 466890 146 1206 1400 5545 53 2520
680 4682.4 144 1224 1450 5601 56 2610
690 4696.7 143 1242 1500 5662 61 2700

700 4711.4 147 1260 1550 5725 63 2790
710 4725.7 143 1278 1600 5792 67 2880
720 4740.0 143 1296 1650 5872 80 2970
730 4754.4 144 1314 1700 5960 88 3060
740 4768.9 145 1332 1750 6072 112 3150

750 4782.9 140 1350 1800 6212 140 3240
760 4797.1 142 1368 1850 6395 183 3330
770 4811.2 141 1386 1900 6627 232 3420
780 4825.4 142 1404 1950 6943 316 3510
790 4839.4 140 1422 2000 7355 412 3600

2050 7893 538 3690
2100 8577 683 3780

Conversion Factors for Specific Heat at Constant Volume (c.)

To Convert To Having Dimensions multiply
Tabulated Value of Indicated below by

c v c v cal gm-1 0 K-1 3.99680 x 10- 5

with dimensions of cal mole-1 0K-1 1.15771 x10-3

ft lbF slug R- Joule gm-1 0K-1 1.67226 xl0-4

erg gm-1 OK- 1  1672.26

Table 1510.06 SPECIFIC HEAT AT CONSTANT VOLUME (c in ft-lbF/slug OR) for
dry and moist air (Continued)
(See Section 1500.3 for definition of residuals)



NAVORD REPORT 1488 (Volume 5) HANDBOOK OF SUPERSONIC AERODYNAMICS
1510.06-3 Properties of Gases I August 1953

0.1 Atmosphere Pressure 0.4 Atmosphere Pressure
cv Residuals, for mole cv Residuals, for mole

Smoisture content % moisture content
T c A 0.1 1.0 5.0 c A 0.1 1.0 5.0 T(OK) I v "v "R)

90 14280.8 42973 162

100 4279.3 - 15 4290.3 - 70 180
110 4278.9 - 4 4286.5 - 38 198
120 4278.1 - 8 4283o8 - 27 216
130 4277o8 - 3 4281.9 - 19 234
140 4277.5 - 3 4280.6 - 13 252

150 4277.6 1 4279.9 - 7 270
160 4277.4 - 2 4279.3 - 6 288
170 4277.4 0 4279.0 - 3 306
180 4277.4 0 4278.9 - 1 324
190 4277.7 3 4278.9 0 342

200 4278.0 3 4279.3 4 360
210 4278.5 5 4279.4 1 378
220 4279.0 5 4279.7 3 396
230 4279.8 8 4280.4 7 414
240 4280.6 8 4281.1 7 432

250 4282.1 15 4282.4 13 450
260 4283.2 11 4283.9 15 468
270 4285.1 19 42857 18 486
280 4287.0 19 4287.5 18 504
290 4289.3 23 4289.9 24 522

300 4292.1 28 4292.5 26 540
310 4295.5 34 4295.7 32 558
320 4298.9 34 4298.9 32 576
330 4302.9 40 4303.2 43 594
340 4307.2 43 4307.6 44 612

350 4312.2 50 4312.6 50 630
360 4317.5 53 431,7.8 52 648
370 4323.0 55 4323.3 55 666
380 4329.5 65 4329.9 66 684
390 4336.2 67 4336.7 68 702

400 4343.5 73 4343.6 69 720
410 4351.1 76 4351.4 78 738
420 4359.4 83 4359.4 80 756
430 4367.7 83 4368.1 87 774
440 4376.8 91 4376.9 88 792

450 4386.4 96 4386.7 98 810
460 4396.4 100 4396.6 99 828
470 4406.7 103, 4406.8 102 846
480 4417.2 105 4417.8 110 864
490 4428.3 111 4428.6 108 882

500 4439.7 114 13. 25. 140. 4440.0 114 13. 25. 140. 900
510 4451.3 116 4451.5 115 918
520 4463.5 122 4463.7 122 936
530 4475.6 121 4475.8 121 954
540 4488.3 127 4488.6 128 972

Table 1510.06 SPECIFIC HEAT AT CONSTANT VOLUME (c in ft-lbF /slug OR) for
dry and moist air (Continued) v
(See Section 1500.3 for definition of residuals)



1 August 1953 Specific Heat at Constant Volume 1510.06-4

0.7 Atmosphere Pressure 1.0 Atmosphere Pressure

cv Residuals, for mole Cv Residuals, for mole

% moisture content % moisture content
1 c A 0.1 1.0 5.0 c A 0.1 1.0 5.0 T

(°K) v___ (OR)

90 4314.7 162

100 4301.2 -135 180
110 4294.1 - 71 4302.2 198
120 4289.5 - 46 4295.1 - 71 216
130 4286.0 - 35 4290.3 - 48 234
140 4283.8 - 22 4287.0 - 33 252

150 4282.3 - 15 4285.1 - 19 270
160 4281.4 - 9 4283.7 - 14 288
170 4280.6 - 8 4282.5 - 12 306
180 4280.1 - 5 4281.6 - 9 324
190 4280ol 0 4281.2 - 4 342

200 4280.5 4 4281.4 2 360
210 4280.3 - 2 4281.0 - 4 378
220 4280.5 2 4281.2 2 396
230 4281.0 5 4281.7 5 414
240 4281.7 7 4282.4 7 432

250 4283.0 13 4283o5 11 450
260 4284.4 14 4284o8 13 468
270 4285.8 14 4286.1 13 486
280 4288.O 22 4288.5 24 504
290 4290.3 23 4290.8 23 522

300 4292o8 25 4293.2 24 540
310 4296.0 32 4296.3 31 558
320 4299.3 33 4299.9 36 576
330 4303.5 42 4303.7 38 594
340 4307.8 43 4308.0 43 612

350 4312.7 49 4312.9 49 630
360 4317.9 52 4318.2 53 648
370 4323.7 58 4323.9 57 666
380 4330.0 63 4330.2 63 684
390 4336.8 68 4336&9 67 702

400 4344.1 73 4344.1 72 720
410 4351.4 73 4351.9 78 738
42Q 4359.7 83 4359.7 78 756
430 4366.4 87 4368.3 86 774
440 4377.2 88 4377.6 93 792

450 4386.8 96 4387.0 94 810
460 4396.6 98 4396.9 99 828
470 4406.9 103 4407.3 104 846
480 4417.6 107 4417.7 104 864
490 4428.6 110 4429.0 113 882

500 4439.9 113 12. 25. 139. 4440.3 113 12. 25. 139. 900
510 4451.8 119 4451.8 115 918
520 4463.6 118 4463.6 118 936
530 4476.0 124 4476.0 124 954
540 4488.4 124 4488.6 126 972

Table 1510.06 SPECIFIC HEAT AT CONSTANT VOLUME (c in ft-lbF/Slug OR) for
dry and moist air (Continued) v
(See Section 1500.3 for definition of residuals)



NAVORD REPORT 1488 (Volume 5) HANDBOOK OF SUPERSONIC AERODYNAMICS
1510.06-5 Properties of Gases 1 August 1953

0.1 Atmosphere Pressure 0.4 Atmosphere Pressure
c' Residuals, for mole c Residuals, for mole

v v

% moisture content % moisture content
T c A 0.1 1.0 5.0 c - 0.1 1.0 5.0 T

(°K) v ('R)

550 4501.2 129 4501.3 127 990
560 4514.2 130 4514.4 131 1008
570 4527.4 132 4527.6 132 1026
580 4541.2 138 4541.4 138 1044
590 4554.7 135 4554.8 134 1062

600 4568.3 136 15. 30. 150. 4568.7 139 15. 30. 150. 1080
610 4582.4 141 4582.5 138 1098
620 4596.3 139 4596.7 142 1116
630 4610.6 143 4610.6 139 1134
640 4624.7 141 4624.7 141 1152

650 4639.3 146 4639.3 146 1170
660 4653.5 142 4653.5 142 1188
670 4668.0 145 4668.1 146 1206
680 4682.4 144 4682.7 146 1224
690 4696.8 144 4697.0 143 1242

700 4711.2 144 5. 30. 155. 4711.4 144 14. 30. 158. 1260
710 4725.5 143 4725.7 143 1278
720 4739.8 143 4740.1 144 1296
730 4754.2 144 4754.5 144 1314
740 4768.7 145 4768.9 144 1332

750 4783.0 143 4783.3 144 1350
760 4796.9 139 4797.1 138 1368
770 4811.2 143 4811.4 143 1386
780 4825.2 140 4825.7 143 1404
790 4839.5 143 4839.3 136 1422

800 4853.4 139 17. 35. 167. 4853.5 142 17. 34. 170. 1440
850 4922 69 4923 69 1530
900 4987 65 15. 39. 178. 4989 66 19. 36. 178. 1620
950 5052 65 5052 63 1710
00C 5112 60 14. 36. 179. 5112 60 17. 35. 184. 1800

1050 5171 59 5171 59 1890
1100 5226 55 20. 43. 193. 5226 55 20. 41. 199. 1980
1150 5283 57 5283 57 2070
1200 5335 52 22. 40. 217. 5335 52 17. 40. 207. 2160
1250 5387 52 5387 52 2250

1300 5440 53 26. 39. 222. 5440 53 23. 41. 217. 2340
1350 5492 52 5492 52 2430
1400 5543 51 26. 55. 230. 5543 51 24* 50. 234. 2520
1450 5594 51 5594 51 2610
1500 5646 52 17. 57. 261. 5646 52 33. 50. 249. 2700

1550 5698 52 5697 51 2790
1600 5756 58 36. 64. 293. 5751 54 37. 63. 279. 2880
1650 5818 62 5810 59 2970
1700 5887 69 64. 85. 339. 5869 59 40. 84. 316. 3060
1750 5957 70 5930 61 3150

Table 1510.06 SPECIFIC HEAT AT CONSTANT VOLUME (cv in ft-lbF slug °R) for
dry and moist air (Continued)
(See Section 1500.3 for definition of residuals)



1 August 1953 Specific Heat at Constant Volume 1510.06-6

0.7 Atmosphere Pressure 1.0 Atmosphere Pressure

c v Residuals, for mole cv Residuals, for mole

% moisture content % moisture content
T c a 0.1 1.0 5.0 c 0.1 1.0 5.0 T

(°K) _ v (°R)

550 4501.3 129 4501.5 129 990
560 4514.6 133 4514.8 133 1008
570 4527.8 132 4527.9 131 1026
580 4541.4 136 4541.6 137 1044
590 4554.9 135 4551.7 101 1062

600 4568.7 138 14. 29. 149. 4568.9 172 14. 29. 149. 1080
61C 4582.5 138 4582.7 138 1098
620 4596.4 139 4596.8 141 1116
630 4610.6 142 4610.7 139 1134
640 4624.8 142 4625.1 144 1152

650 4639.2 144 4639.6 145 1170
660 4653.8 146 4653.g 143 1188
670 4668.1 143 4668.5 146 1206
680 4682.4 143 4682.8 143 1224
690 4697.1 147 4697.0 142 1242

700 4711.4 143 16. 31. 158. 4711.3 143 16. 31. 158. 1260
710 4725.7 143 4725.9 146 1278
720 4739.9 142 4740.2 143 1296
730 4754.3 144 4754.6 144 1314
740 4768.8 145 4769.1 145 1332

750 4783.1 143 4783.1 140 1350
760 4797.1 140 4797.3 142 1368
770 4811.3 142 481116 143 1386
780 4825.6 143 4825.5 139 1404
790 4839.5 139 4839.5 140 1422

800 4853.4 139 17. 35. 170. 4853.7 142 17. 36. 170. 1440
850 4923 70 4923 69 1530
900 4989 66 21. 36. 178. 4985 62 21. 36. 178. 1620
950 5052 63 5052 67 1710

1000 5112 60 18. 35. 185. 5112 60 17. 35. 185. 1800

1050 5171 59 5171 59 1890
1100 5226 55 20. 40. 200. 5226 55 20. 40. 200. 1980
1150 5283 57 5283 57 2070
1200 5335 52 17. 39e 205. 5335 52 18. 40. 205. 2160
125.0 5387 52 5387 52 2250

1300 5440 53 23. 42. 216. 5440 53 22. 42. 215. 2340
1350 5492 52 5492 52 2430
1400 5543 51 23. 48. 234. 5543 51 23. 48. 233. 2520
1450 5594 51 5594 51 2610
1500 5646 52 38. 48. 247. 5646 52 37. 47. 245. 2700

1550 5697 51 5701 55 2790
1600 5751 54 38. 62. 275. 5751 50 38. 61. 272. 2880
1650 5809 58 5808 57 2970
1700 5866 57 34. 83* 308. 5865 57 32. 81. 303. 3060
1750 5920 54 5918 53 3150

Table 1510.06 SPECIFIC HEAT AT CONSTANT VOLUME (cv in ft-lbF /slug OR) for
dry and moist air (Continued)
(See Section 1500.3 for definition of residuals)



NAVORD REPORT 1488 (Volume 5) HANDBOOK OF SUPERSONIC AERODYNAMICS
1510.06-7 Properties of Gases 1 August 1953

0.1 Atmosphere Pressure 0.4 Atmosphere Pressure
cv Residuals, for mole C. Residuals, for mole

% moisture content % moisture content
T c, 0.1 1.0 5.0 c, 6 0.1 1.0 5.0 T

(°K) v___ (OR)

1800 6034 77 77. 127. 436. 5998 68 64. 103* 373* 3240
1850 6128 94 6068 70 3330
1900 6242 114 109. 179. 549a 6145 77 85. 136. 4599 3420
1950 6385 143 6241 96 3510
2000 6561 176 146. 243* 709@ 6357 116 105. 177. 558* 3600

2050 6757 196 6476 119 3690
2100 6975 218 224* 331. 978* 6613 137 156. 242* 725* 3780
2150 7265 290 6785 172 3870
2200 7613 348 294. 448. 1305. 6979 194 204. 321. 927o 3960
2250 8045 432 7221 242 4050

2300 8563 518 359* 595. 1768. 7492 271 254& 405* 1189. 4140
2350 9129 566 7811 319 4230
2400 9809 680 477. 791. 2428* 8183 372 326* 517. 1544. 4320
2450 10631 822 8618 435 4410
2500 11561 930 564* 999. 3287. 9125 507 385* 655. 2008* 4500

2550 12466 905 9652 527 4590
2600 13710 1244 627. 1203. 4346* 10233 581 454o 803. 2580. 4680
2650 14940 1230 10861 628 4770
2700 16285 1345 655. 1337. 5536. 11562 701 508. 929* 3257. 4460
2750 17725 1440 12291 729 4950

2800 19221 1496 641. 1408. 6786. 13074 783 532* 1052. 4088* 5040
2850 5130
2900 22196 2915 6050 1394. 7757- 15722 2648 540. 1139. 4957. 5220
2950 5310
3000 24795 2599 552. 1302. 8210. 17902 2180 521. 1169. 57530 5400

3100 26619 1824 495. 20059 2157 495* 1140. 6390. 5580
3200 22065 2006 477o 1090. 6820. 5760
3300 23718 1653 449. 1060. 6850. 5940
3400 24736 1018 460. 990. 6600. 6120
3500 25176 440 4450 920. 6090. 6300

3600 25262 86 410. 870. 5380. 6480
3700 25096 -166 414. 820* 4690. 6660
3800 25093 - 3 313. 700. 3920* 6$40
3900 25688 595 242. 530* 3210. 7020
4000 26963 1275 232* 470. 2650. 7200

4100 29138 2175 196. 410. 2100. 7380
4200 32256 3118 163. 360* 1710. 7560
4300 36131 3875 126. 290. 1470. 7740
4400 40796 4665 112. 210. 1260. 7920
4500 45812 5016 30. 190. 1090. 8100

4600 50835 5023 160. 220* 950* 8280
4700 55831 4996 119. 230. 840. 8460
4800 60584 4753 97. 1800 480. 8640

Table 1510.06 SPECIFIC HEAT AT CONSTANT VOLUME (cv in ft-lbF /slug OR) for

dry and moist air (Continued)
(See Section 1500.3 for definition of residuals)



1 August 1953 Specific Heat at Constant Volume 1510.06-8

0..3 Atmospb - Pressure 1.0 Atmosphere Pressure

c v Residuals, for mole v Residuals, for mole

% moisture content % moisture content

T c h 0.1 1.0 5.0 c .1 0.1 1.0 5.0 T
(°K) v v (OR)

1800 5984 64 59. 94. 352: 5980 62 57. 90. 342. 3240
1850 6050 66 6043 63 3330

1900 6127 77 77, 123. 431. 6113 7J 73. 116. 415. 3420
1950 6211. 84 6193 80 3510
2000 6305 94 95. 157. 514o 6281 66 90. 147. 490. 3600

2050 640S 104 6373 92 3690
2100 6521 112 136. 218. 656. 6477 104 126. 205. 619. 3780
2150 6657 136 6599 122 3870
2200 6823 166 178. 286. 825. 6744 145 165. 266. 771. 3960
2250 7011 188 6919 175 4050

2300 7229 218 227. 351. 1035. 7118 199 212. 322. 954. 4140
2350 7490 261 7342 224 4230
2400 7789 299 280. 442. 1318. 7603 261 254. 402. 1200. 4320
2450 8123 334 7893 290 4410
2500 8511 388 330. 558. 1686. 8228 335 301. 507. 1521. 4500

2550 8915 404 8600 372 4590
2600 9356 441 399. 682. 2136. 9045 445 367. 616. 1907. 4680
2650 9842 486 9521 476 4770
2700 10383 541 447. 7971 2666. 10058 537 411. 722. 2359. 4860
2750 10962 579 10658 600 4950

2800 11562 600 476. 914. 3352. 11296 638 442. 832. 2962. 5040
2850 12022 726 5130
2900 13811 2249 506. 1005. 4062. 12792 770 481. 921. 3572. 5220
2950 13589 797 5310
3000 15668 1857 488. 1054. 4758. 14430 841 465. 978. 4187. 5400

3100 17599 1931 468. 1060. 5440. 16180 1750 449. 1000. 4860. 5560
3200 19535 1936 455. 1050. 6010. 17999 1819 439. 1000. 5450. 5760
3300 21322 1787 437. 1030. 6290. 19766 1767 427. 990. 5820. 5940
3400 22681 1359 445. 970. 6300. 21231 1465 432. 950. 5970. 6120
3500 23579 898 438. 920. 6090. 22340 1109 425. 910. 5940. 6300

3600 24125 546 407. 890. 5680r 23154 814 396. 880. 5710. 6480
3700 24280 155 412. 860. 5200. 23570 416 400. 860. 5360. 6660
3800 24312 32 359. 770. 4580s 23756 186 378. 790. 4870. 6840
3900 24611 299 306. 650. 3970. 24047 291 338. 710. 4370. 7020
4000 25257 646 277. 590. 3380. 24500 453 301. 660. 3810. 7200

4100 26496 1239 255. 520. 2800. 25348 848 292. 590. 3260. 7380
4200 28476 1980 221. 450. 2310. 26772 1424 259. 510. 2760. 7560
4300 31090 2614 163. 370. 1980. 28713 1941 198. 440. 2380. 7740
4400 34451 3361 158. 300. 1720. 31326 2613 187. 370. 2070. 7920
4500 38333 3882 87. 270. 1470. 34486 3160 134. 330. 1760. 8100

4600 42466 4133 172. 300. 1270. 37977 3491 179. 340. 1510. 8280
4700 46908 4442 127. 250. 1140. 41890 3913 139. 270. 1320. 8460
4800 51465 4557 148. 260. 920. 46072 4182 161. 280. 1120. 8640

Table 1510.06 SPECIFIC HEAT AT CONSTANT VOLUME (cv in ft-lbF/slug OR) for
dry and moist air (Continued)
(See Section 1500.3 for'defirition of residuals)



NAVORD REPORT 1488 (Volume 5) HANDBOOK OF SUPERSONIC AERODYNAMICS
1510.06-9 Properties of Gases 1 August 1953

1.0 Atmosphere Pressure 4.0 Atmospheres Pressure

CV Residuals, for mole C'v Residuals. tot mole

% moisture content % moisture cuntent
T C v 0.1 1.0 5.0 c A 0.1 1.0 5.0 T
K) ( R)

110 4302.2 4379.1 198
120 4295.1 - 71 4350.5 -286 216
130 4290.3 - 48 4331.8 -17 234
140 4287.0 - 33 4319.1 -127 252

150 4285.1 - 19 4310.8 - 83 270
160 4283.7 - 14 4303.9 - 69 288
170 4282.5 - 12 4299.4 - 45 306
180 4281.6 - 9 4295.7 - 37 324
190 4281.2 - 4 4293.3 - 24 342

200 4281.4 2 4291.5 - 18 360
210 4281.0 - 4 4289.9 - 16 378
220 4281.2 2 4289.2 - 7 396
230 4281.7 5 4288.7 - 5 414
240 4282.4 7 4288.7 0 432

250 4283.5 11 4289.0 3 450
260 4284.8 13 4289.7 7 468
270 4286.1 13 4290.9 12 486
280 4288.5 24 4292.5 16 504
290 4290e8 23 4'294o5 20 522

300 4293.2 24 4296.7 22 540
310 4296.3 31 4299.5 28 558
320 4299.9 36 4303.0 35 576
330 4303.7 38 4306.8 38 594
340 4308.0 43 4310.7 39 612

350 4312.9 49 4315.4 47 630
360 4318.2 53 4320.4 50 648
370 4323.9 57 4326.0 56 666
380 4330.2 63 4332.5 65 684
390 4336.9 67 4338.9 64 702

400 4344#1 72 4346.3 74 720

410 4351.9 78 4353.4 71 738
420 4359o7 78 4361.5 81 756
430 4368.3 86 4370.1 86 774
440 4377.6 93 4379.1 90 792

450 4387.0 94 438 -5 94 810
460 4396.9 99 4398.3* 98 828
470 4407.3 104 4408.7 104 846
480 4417.7 104 4419.1 104 864
490 4429.0 113 4430.0 109 882

500 4440.3 113 12. 25. 139. 4441.3 113 14. 25. 135. 900
510 4451.8 115 4452.9 116 918
520 4463.6 118 4464.8 119 936
530 4476.0 124 4477.2 124 954
540 4488.6 126 4489.7 125 972

Table 1510.06 SPECIFIC HEAT AT CONSTANT VOLUME (cv in ft-lbF /slug OR) for
dry and moist air (Continued)
(See Section 1500.3 for definition of residuals)



1 August 1953 Specific Heat at Constant Volume 1510.06-10

7.0 Atmospheres Pressure 10.0 Atmospheres Pressure

cv Residuals, for mole cv, Residuals, for mole

%moisture content %moisture content
T c,, a 0.1 1.0 5.0 c A 0.1 1.0 5.0 T
(*K) _ _ _ _ _ _ _ _ _ _ _ _ _ __ (OR)

110 4456. 4669& 198
120 4406. -50 4528. -41 216
130 4313. -33 4450. -78 234
140 4352. -21 4405. -45 252

150 4336. -16 4374.2 -31 270
160 4324.2 -118 4353.5 -207 288
170 4316.2 - 80 4338.6 -149 306
180 4310.1 - (1 4327.8 -108 324
190 4305.3 - 48 4320.0 - 78 342I200 4301.9 - 34 4315.4 - 46 360
210 4299.1 - 28 4309e2 - 62 378
220 4297.4 - 17 4305&8 - 34 396
230 4295.5 - 19 4303.4 - 24 414
240 4294.7 - 8 4301.8 - 16 432

250 4294.6 - 1 4300.7 - 11 450
260 4294.5 - 1 4299.8 - 9 468
270 4295.4 9 4300.0 2 486
280 4296.7 13 4300.8 8 504
290 4298.5 18 4302@2 14 522

300 4300.4 19 4303@7 15 b40
310 4303.0 26 4306.1 24 558
320 4305.7 27 4308.6 25 576
330 4309.3 36 4312.2 .36 594
340 4313.4 41 4315.8 36 612

350 4317.8 44 4320.4 46 630
360 4323.1 53 4325.2 48 648
370 4328.3 52 4330.4 52 646
360 4334.4 61 4336.5 61 684
390 4341.0 66 4342.7 62 702

400 4348.2 72 4350.0 73 720
410 4355.3 71 43157e4 74 738
420 4363.2 79 4365.3 79 756
430 4371.8 86 4373.8 85 774
440 4380.4 86 4382.5 87 792

450 4390.0 96 4391.8 93 810
460 4399.8 98 4401.5 97 828
470 4409.9 101 4411.5 100 846
480 4420.5 106 4421.9 104 864
490 4431.4 109 4432.9 110 882

500 4442.5 111 15. 25. 131. 4443.7 108 15. 25e 126. 900
510 4454.1 116 4455.1 114 918
520 4466.0 119 4467.1 120 936
530 4478.7 127 4479.4 123 954
540 4491.0 123 4492.0 126 972

Table 1510.06 SPECIFIC HEAT AT CONSTANT VOLUME (cv in ft-lb F/slug OR) for
dry and moist air (Continued)
(See Section 1500.3 for definition of residuals)



NAVORD REPORT 1488 (Volume 5) HANDBOOK OF SUPERSONIC AERODYNAMICS
1510.06-11 Properties of Gases 1 August 1953

1.0 Atmosphere Pressure 4.0 Atmospheres Pressure
cv Residuals, for mole c v Residuals, for mole

% moisture content moisture content
T e I 0.1 1.0 5.0 c A 0.1 1.0 5.0 T(°K) v_____________________J( 0R)

550 450105 129 4502@5 128 990
560 4514.8 133 4515.6 131 1008
570 4527.9 131 4528.g 133 1026
580 4541.6 137 4542.4 135 1044
590 4551.7 101 4556.1 137 1062

600 4568.9 172 14. 29. 149@ 4569.8 137 12. 27. 147. 1080
610 4582.7 138 4584.0 142 1098
620 4596.8 141 4597.8 138 1116
630 4610.7 139 4611.8 140 1134
640 4625.1 144 4626.1 143 1152

650 4639.6 145 4640.4 143 1170
660 4653.9 143 4654.5 141 1188
670 4668.5 146 4669.0 145 1206
680 4682.8 143 4683.5 145 1224
690 4697.0 142 4697.7 142 1242

700 4711.3 143 16. 31. 158. 4712.3 146 15. 33. 158. 1260
710 4725.9 146 4726.5 142 1278
720 4740.2 143 4740.8 143 1296
730 4754.6 144 4755.3 145 1314
740 4769.1 145 4769.6 143 1332

750 4783.1 140 4783.8 142 1350
760 4797.3 142 4797.9 141 1368
770 4811.6 143 4812.2 143 1386
780 4825.5 139 4826.1 139 1404
790 4839.5 140 4840.3 142 1422

800 4853.7 142 17. 36. 170. 4854.4 141 17. 37. 170. 1440
850 4923 69 4925 71 1530
900 4985 62 21. 36. 178. 4987 62 20. 38. 178. 1620
950 5052 67 5054 67 1710

1000 5112 60 17. 35. 185. 5114 60 15. 35o 182. 1800

1050 5171 59 5173 59 1890
1100 5226 55 20. 40. 200. 5227 54 20. 40. 198. 1980
1150 5283 57 5285 58 2070
1200 5335 52 18. 40. 205. 5337 52 200 40. 208. 2160
1250 5387 52 5389 52 2250

1300 5440 53 22. 42. 215. 5441 52 22. 42. 215. 2340
1350 5492 52 5494 53 2430
1*00 5543 51 23, 48. 233. 5544 50 25. 48. 229. 2520
1450 5594 51 5596 52 2610
1500 5646 52 37. 47. 245. 5647 51 28. 50. 244. 2700

1550 5701 55 5699 52 2790
1600 5751 50 38. 61. 272. 5749 50 32. 54. 259o 2880
1650 5808 57 5804 55 2970
1700 5865 57 32. 81. 303. 5860 56 38. 70. 286. 3060
1750 5918 53 5911 51 3150

Table 1510.06 SPECIFIC HEAT AT CONSTANT VOLUME (cv in ft-lbF /slug OR) for
dry and moist air (Continued)
(See Section 1500.3 for definition of residuals)



1 August 1953 Specific Heat at Constant Volume 1510.06-12

7.0 Atmospheres Pressure 10.0 Atmospheres Pressure

c Residuals, for mole c v Residuals, for mole

% moisture content % moisture content
T c v 0.1 1.0 5.0 cv 0.1 1.0 5.0 T

(°K) V (OR)

550 4503.8 128 4504e8 128 9ý0
560 4516.8 130 4518.1 133 1008
570 4530.0 132 4531e4 133 1026
580 4543.4 134 4544.8 134 1044
590 4557.1 137 4558.3 135 1062

600 4570.6 135 12. 27. 147. 4572.0 137 12. 27. 147. 1080
610 4584.4 138 4586.0 140 1098
620 459863 139 4599.6 136 1116
630 4612.5 142 4613s, 137 1134
640 4627.0 145 4627.3 140 1152

650 4640.9 139 4641.8 145 1170
660 4655.5 146 4656.0 142 1188
670 4669.9 144 4670.6 146 1206
680 4684.3 144 4685.2 146 1224
690 4698.7 144 4699.5 143 1242

700 4713.1 144 14. 33. 158* 4713*9 144 15. 33. 158. 1260
710 4727.3 142 4728*2 143 1278
720 4741.5 142 4742.2 140 1296
730 4755.9 144 4756.8 146 1314
740 4770.1 142 4770.9 141 1332

750 4784.6 145 4785*4 145 1350
760 4798.7 141 4799.5 141 1368
770 4812.8 141 4814.0 145 1386
780 4826.9 141 4828.0 140 1404
790 4841.1 142 4842.0 140 1422

800 4854.g 138 17. 37. 170. 4856.2 142 17. 36. 170. 1440
850 4925 70 4925 69 1530
900 4990 65 19. 38. 178. 4989 64 19. 37. 178. 1620
950 5055 65 5055 66 1710

1000 5115 60 16o 35. 183. 5116 61 17. 33. 183. 1800

1050 5173 58 5173 57 1890
1100 5230 57 20o 40. 196. 5230 57 21o 41. 196. 1980
1150 5284 54 5285 55 2070
1200 5338 54 20. 40. 208. 5337 52 19. 40. 207. 2160

1250 5390 52 5391 54 2250

1300 5443 53 22. 42. 216. 5445 54 22. 41. 215. 2340
1350 5495 52 5496 51 2430
1400 5544 49 26* 48. 228. 5546 50 26o 47. 227ý 2520
1450 5596 52 5596 50 2610
1500 5646 50 23* 50a 242. 5646 50 22. 51. 2414 2700

1550 5699 53 5695 49 279n
1600 5749 50 29. 52. 254* 5749 54 28. 52* 251. 2880
1650 5804 55 5804 55 2970
1700 5858 54 40. 64. 279. 5860 56 40. 61. 275. 3060
1750 5915 57 5915 55 3150

Table 1510.06 SPECIFIC HEAT AT CONSTANT VOLUME (cv in ft-lbF/slug OR) for
dry and moist air (Continued)
(See Section 1500.3 for definition of residuals)



NAVORD REPORT 1488 (Volume 5) HANDBOOK OF SUPERSONIC AERODYNAMICS
1510.06-13 Properties of Gases 1 August 1953

1.0 Atmosphere Pressure 4.0 Atmospheres Pressure
cv Residuals, for mole cv Residuals, for mole
% moisture content % moisture content

T C a 0.1 1.0 5.0 c A 0.1 1.0 5.0 T
(OK) v v (OR)

1800 5980 62 57. 90. 342. 5970 59 48. 80. 316. 3240
1850 6043 63 6023 53 3330
1900 6113 70 73. 116. 415. 6086 63 53. 94. 360. 3420
1950 6193 80 6150 64 3510
2000 6281 88 90. 147. 490. 6218 68 77. 121. 422. 3600

2056 6373 92 6292 74 3690
2100 6477 104 126. 205. 619. 6367 75 99. 162. 513. 3780
2150 6599 122 6453 86 3870
2200 6744 145 165. 266. 771. 6545 92 123. 196* 606. 3960
2250 6919 175 6657 112 4050

2300 7116 199 212. 322. 954. 6785 128 155. 236. 723. 4140
2350 7342 224 6927 142 4230
2400 7603 261 254. 402. 1200. 7076 149 184. 294. 879. 4320
2450 7893 290 7245 169 4410
2500 8228 335 301. 507. 1521. 7432 187 223. 3'60. 1075. 4500

2550 8600 372 7642 210 4590
2600 9045 445 367. 616. 1907. 7887 245 266. 430. 1296. 4680
2650 9521 476 8151 264 4770
2700 10058 537 411. 722. 2359. 8440 289 297. 501. 1544. 4860
2750 10658 600 8797 357 4950

2800 11296 638 442. 832. 2962. 9119 322 334. 580. 1886* 5040
2850 12022 726 9508 389 5130
2900 12792 770 481. 921. 3572. 9944 436 367. 646. 2210. 5220
2950 13589 797 10393 449 5310
3000 14430 841 465. 978. 4187. 10869 476 373. 712. 2565. 5400

3100 16180 1750 449. 1000. 4860. 11968 1099 378. 760. 3010. 5580
3200 17999 1819 439. 1000. 5450. 1317ý 1204 373. 790. 3470. 5760
3300 19766 1767 427. 990. 5820. 14483 1311 371. 820. 3900. 5940
3400 21231 1465 432. 950. 5970. 15799 1316 369. 810. 4290. 6120
3500 22340 1109 425. 910. 5940. 17096 1297 354. 800. 4590. 6300

3600 23154 814 396. 880. 5710. 18376 1280 335. 780. 4820. 6480
3700 23570 416 400. 860. 5360. 19475 1099 331- 780. 4910. 6660
3800 23756 186 378. 790. 4870. 20316 841 371. 770. 4910. 6840
39n0 24047 291 338. 710. 4370. 21038 722 358. 770. 4840. 7020
40uO 24500 453 301. 660. 3810. 21563 525 327. 750. 4590. 7200

4100 2-5348 848 292. 590. 3260. 22004 441 353. 720. 4340. 7380
4200 26772 1424 259. 510. 2760. 22482 478 346. 670. 4050. 7560
4300 28713 1941 198. 440. 2380. 23037 555 308. 630. 3670. 7740
4400 31326 2613 187. 370. 2070. 23864 827 271. 600c 3340. 7920
4500 34486 3160 134. 330. 1760. 24990 1126 269. 550. 2960. 8100

4600 37977 3491 179. 340. 1510. 26391 1401 232. 490. 2600. 8280
4700 41890 3913 139. 270. 1320@ 28164 1773 228. 440. 2270. 8460
4800 46072 4182 161. 280. 1120. 30367 2203 189. 350. 2000. 8640

Table 1510.06 SPECIFIC HEAT AT CONSTANT VOLUME (cv in ft-lbF /slug *R) for
dry and moist air (Continued)
(See Section 1500.3 for definition of residuals)



1 August 1953 Specific Heat at Cunstant Volume 1510.06-14

7.0 Atmospheres Pressure 10.0 Atmospheres Pressure

C v Residuals, for mole cv Residuals, for mole

% moisture content % moisture content
T C a 0.1 1.0 5.0 , A 0.1 1.0 5.0 T

(OK) v v (OR)

1800 5969 54 45. 77. 310. 5967 52 43. 76. 306. 3240
1850 6021 52 6019. 52 3330
1900 6080 59 48. 88. 343. 6078 59 45. 84. 333. 3420
1950 6137 57 6133 55 3510
2000 6201 64 71. 113. 400. 6196 63 67. 109. 387. 3600

2050 6276 69 6263 67 3690
2100 6341 71 92. 148. 481. 6332 69 SC. 138. 461. 3780
2150 6412 71 6398 66 3870
2200 6491 79 111. 173. 557. 6476 78 104. 161. 530. 3960
2250 6591 100 6563 87 4050

2300 6705 114 134. 210. 656. 6666 103 123. 197. 619. 4140
2350 6819 114 6768 102 4230
2400 6941 122 164. 264. 788. 6880 112 154. 247. 739. 4320
2450 7080 139 7000 120 4410
2500 7234 154 201. 318. 952. 7139 139 190. 296. 887. 4500

2550 7404 170 7288 149 4590
2600 7596 192 234. 378. 1132. 7460 172 216. 350. 1044. 4680
2650 7799 203 7640 180 4770
2700 8028 229 262. 436. 1331. 7843 203 242. 400. 1218. 4860
2750 8277 249 8059 216 4950

2800 8552 275 300. 505. 1598. 8303 244 280. 465. 1447. 5040
2850 8853 301 8577 274 5130
2900 9186 333 323. 564. 1863. 8878 301 298. 520. 1686. 5220
2950 9543 357 9194 316 5310
3000 9934 391 339. 625. 2156. 9523 329 317. 576. 1950. 5400

3100 10830 896 350. 680. 2510. 10244 721 332. 620. 2250. 5580
3200 11805 975 347. 700. 2880. 11091 847 331. 650. 2570. 5760
3300 12886 1081 345. 740. 3250. 12034 943 329. 690. 29004 5940
3400 14005 1119 344. 740. 3610. 13019 985 329. 700. 3210. 6120
3500 15162 1157 327. 740. 3930. 14055 1036 311. 700. 3520. 6300

3600 16364 1202 312. 730* 4210. 15156 1101 299. 700. 3800. 6480
3700 17479 1115 313. 720. 4390. 16216 1060 301. 690. 4010. 6660
3800 18421 942 340. 730. 4520. 17162 946 317. 690. 4190. 6840
3900 19285 864 327. 730. 4550. 18073 911 302. 690. 4260. 7020
4000 19962 677 310. 710. 4460. 18828 755 294. 680. 4260. 7200

4100 20520 558 336. 710. 4340. 19478 650 318. 690. 4230. 7380
4200 21014 494 343. 680. 4200. 20037 559 332. 670. 4170. 7560
4300 21481 467 323. 650. 3910. 20531 494 322. 650. 3950. 7740
4400 22091 610 281. 640. 3650. 21107 576 281. 650. 3750. 7920
4500 22840 749 286. 590. 3330. 21731 624 286. 610. 3500. 8100

4600 23766 926 260. 530. 3010. 22468 737 276. 560. 3220. 8280
4700 24938 1172 264. 510. 2730. 23370 902 280. 550. 2990. 8460
4800 26466 1528 213. 420. 2430. 24560 1190 231. 460. 2690. 8640

Table 1510.06 SPECIFIC HEAT AT CONSTANT VOLUME (c in ft-lbF/slug OR) for
dry and moist air (Continued) F
(See Section 1500.3 for definition of residuals)



NAVORD REPORT 1488 (Volume 5) HANDBOOK OF SUPERSONIC AERODYNAMICS
1510.06-15 Properties of Gases 1 August 1953

10.0 Atmospheres Pressure 40.0 Atmospheres Pressure
cv Residuals, for mole cv Residuals, for mole

% moisture content % moisture content
T c A 0.1 1.0 5.0 c A 0.1 1.0 5.0 T(OK) v v (OR)

110 4669. 198
120 4528. -141 216
130 4450. - 78 234
140 4405. - 45 252

150 4374*2 -308 270
160 4353*5 -207 4765 288
170 4338.6 -149 4628 -137 306
180 4327.8 -108 4545 - 83 324
190 4320.0 - 78 4489 - 56 342

200 4315.4 - 46 4449 - 40 360
210 4309.2 - 62 4422 - 27 378
220 4305.8 - 34 4402 - 20 396
230 4303*4 - 24 4384 - 18 414
240 4301.8 - 16 4373 - 11 432

250 4300.7 - 11 4364 - 9 450
260 4299*8 - 9 4355 - 9 468
270 4300.0 2 4349 - 6 486
280 4300.8 8 4345 - 4 504
290 4302.2 14 4343 - 2 522

300 4303.7 15 4341 - 2 540
310 4306.1 24 4340 - 1 558
320 4308.6 25 4340 0 576
330 4312.2 36 4341 1 594
340 4315.8 36 4343 2 612

350 4320.4 46 4346 3 630
360 4325.2 48 4349 3 648
370 4330.4 52 4352 3 666
380 4336.5 61 4358 6 684
390 4342.7 62 4362 4 702

400 4350.0 73 4370 8 720
410 4357.4 74 4375 5 738 0
420 4365.3 79 4382 7 756

430 4373.8 85 4390 8 774
440 4382.5 87 4398 8 792

450 4391.M 93 4408 10 810
460 4401.5 97 4416 8 828
470 4411.5 100 4425 9 846
480 4421.9 104 4436 11 864
490 4432.9 110 4446 10 882

500 4443.7 108 15. 25. 126. 4457 11 10. 17. 82. 900
510 4455.1 114 4468 11 918
520 4467.1 120 4478 10 936
530 4479.4 123 4491 13 954
540 4492.0 126 4503 12 972

Table 1510.06 SPECIFIC HEAT AT CONSTANT VOLUME (cv in ft-lbF /slug OR) for
dry and moist air (Continued)
(See Section 1500.3 for definition of residuals)



1 August 1953 Specific Heat at Constant Volume 1510.06-16

70.0 Atmospheres Pressure 100.0 Atmospheres Pressure

cv Residuals, for mole cv Residuals, for mole

% moisture content % moisture content
T c A 0.1 1.0 5.0 cv 0.1 1.0 5.0 T

(OK) (OR)

180 4912 324
190 4743 -169 342

200 4636 -107 4881 360
210 4569 - 67 4748 -133 378
220 4518 - 51 4658 - 90 396
230 4483 - 35 4594 - 64 414
240 4455 - 28 4546 - 48 432

250 4433 - 22 4509 - 37 450
260 4419 - 14 4483 - 26 468
270 4405 - 14 4463 - 20 486
280 4393 - 12 4444 - 19 504
290 4386 - 7 4431 - 13 522

300 4380 - 6 4420 - 11 540
310 4375 - 5 4413 - 7 558
320 4374 - 1 4406 - 7 576
330 4372 - 2 4404 - 2 594
340 4372 0 4400 - 4 612

350 4372 0 4399 - 1 630
360 4373 1 4398 - 1 648
370 4377 4 4400 2 666
380 4378 1 4400 0 684
390 4383 5 4404 4 702

400 4389 6 4408 4 720
410 4394 5 4412 4 738
420 4402 8 4419 7 756
430 4408 6 4426 7 774
440 4416 8 4432 6 792

450 4423 7 4440 8 810
460 4431 8 4446 6 828
470 4440 9 4454 8 846
480 4450 10 4462 8 864
490 4459 9 4472 10 882

500 4469 10 4482 10 900
510 4480 11 4492 10 918
520 4490 10 4503 11 936
530 4502 12 4513 10 954
540 4515 13 4525 12 972

Table 1510.06 SPECIFIC HEAT AT CONSTANT VOLUME (cv in ft-lbF /slug OR) for
dry and moist air (Continued)
(See Section 1500.3 for definition of residuals)



NAVORD REPORT 1488 (Volume 5) HANDBOOK OF SUPERSONIC AERODYANMICS
1510.06-17 Properties of Gases 1 August 1953

10.0 Atmospheres Pressure 40.0 Atmospheres Pressure
c Residuals, for mole c Residuals, for mole

V v

% moisture content % moisture content
T c '1 0.1 1.0 5.0 c A 0.1 1.0 5.0 T

(0K) 1' (OR)

550 4504*8 128 4516 13 990
560 4518.1 133 4528 12 1008
570 4531.4 133 4541 13 1026
580 4544.8 134 4553 12 1044
590 4558.3 135 4567 14 1062

600 4572.0 137 12, 27. 147. 4582 15 13. 28. 145. 1080
610 4586.0 140 4594 12 1098
620 4599.6 136 4608 14 1116
630 4613.3 137 4622 14 1134
640 4627.3 140 4636 14 1152

650 4641.8 145 4650 14 1170
660 4656.0 142 4664 14 1188
670 4670e6 146 4678 14 1206
680 4685.2 146 4692 14 1224
690 4699.5 143 4707 15 1242

700 4713.9 144 15. 33. 158. 4721 14 18. 31. 157. 1260
710 4728.2 143 4735 14 1278
720 4742*2 140 4749 14 1296
730 4756.8 146 4764 15 1314
740 4770.9 141 4777 13 1332

750 4785.4 145 4792 15 1350
760 4799.5 141 4805 13 1368
770 4814.0 145 4820 15 1386
780 4828.0 140 4834 14 1404
790 4842.0 140 4848 14 1422

800 4856.2 142 17. 36. 170. 4863 15 17. 33. 170. 1440
850 4925 69 4935 72 1530
900 4989 64 19. 37. 178. 4996 61 16. 32. 176. 1620
950 5055 66 5061 65 1710

1000 5116 61 17. 33. 183& 5120 59 24. 32. 187. 1800

1050 5173 57 5178 58 1890
1100 5230 57 21, 41, 196, 5235 57 23, 39, 195, 1980
1150 5285 55 5289 54 2070

1200 5337 52 19. 40. 207. 5342 53 13. 40. 200o 2160
1250 5391 54 5395 53 2250

1300 5445 54 22. 41o 215. 5449 54 190 40. 215. 2340
1350 5496 51 5499 50 2430
1400 5546 50 26. a'. 227* 5548 49 24* 43. 228. 2520
1450 5596 50 5600 52 2610
1503 5646 50 22. 51. 241. 5650 50 28. 49. 236. 2700

1550 569b 49 5696 46 2790
1600 5749 54 28. 52. 251. 5745 49 28. 56. 247. 2880
1650 5804 55 5799 54 2970
1700 5860 56 40. 61. 275. 5858 59 30* 61a 267. 3060
1750 5915 55 5912 54 3150

Table 1510.06 SPECIFIC HEAT AT CONSTANT VOLUME (cv in ft-lbF /slug *R) for
dry and moist air (Continued)
(See Section 1500.3 for definition of residuals)



1 August 1953 Specific Heat at Constant Volume 1510.06-18

70.0 Atmospheres Pressure 100.0 Atmospheres Pressure

c v Residuals, for mole cv Residuals, for mole

% moisture content % moisture content
T c, 0.1 1.0 5.0 c A 0.1 1.0 5.0 T

(°K) v ( OR)

550 4526 11 4536 11 990
560 4538 12 4549 13 1008
570 4551 13 4562 13 1026
530 4563 12 4574 12 1044
590 4576 13 4587 13 1062

600 4590 14 4600 13 1080
610 4603 13 4613 13 1098
620 4617 1. 4627 14 1116
630 4630 13 4640 13 1134
640 4644 1- 4653 13 1152

650 4659 1 4666 13 1170
660 4672 1i 4681 15 1188
670 4687 15 4695 14 1206
680 4700 13 4707 12 1224

690 4714 14 4722 15 1242

730 4728 14 4737 15 1260

710 4742 14 4750 13 1278
720 4756 14 4764 14 1296
730 4771 15 4778 14 1314
740 4785 14 4792 14 i332

750 4799 14 4805 13 1350
760 4813 14 4818 13 1368
770 4827 14 4833 15 1366
780 4841 14 4847 14 1404
790 4854 13 4861 14 1422

800 4870 16 18. 35. 168. 4876 15 1440
850 4937 67 4943 67 1530
920 5U02 65 16. 32. 174. 5006 63 1620
45, 5065 63 5070 64 1710

1003 5125 60 23. 35. 186. 5131 61 1800

1050 5182 57 5186 55 1890
1lu0 5238 56 22a. 38. 1969 5243 57 20o 37. 195. 1980
i150 5293 55 5298 55 2070
1200 5346 53 12. 390 199. 5349 51 16. 38. 203. 2160
1250 5396 52 5401 52 2250

13:3 5452 54 19. 42. 215. 5455 54 21. 45. 217. 2340
1350 5503 51 5505 50 2430
1400 5553 50 23. 43. 228. 5555 50 22. 44. 226. 2520
1450 5603 50 5605 50 2610
1500 5652 49 32. 47a 235. 5656 51 30. 46. 234. 2700

1552 5700 48 5701 45 2790
160o 5744 44 29. 58. 247o 5745 44 29. 56. 246. 2880
1650 5798 54 5798 53 2970
1700 5853 55 24. 62. 264. 5851 53 23. 61. 262. 30.60
1750 5906 53 5904 53 3150

Table 1510.06 SPECIFIC HEAT AT CONSTANT VOLUME (c in ft-lbF/slug OR) for
dry and moist air (Continued) F
(See Section 1500.3 for definition of residuals)



NAVORD REPORT 1488 (Volume 5) HANDBOOK OF SUPERSONIC AERODYNAMICS
1510.06-19 Properties of Gases 1 August 1953

10.0 Atmospheres Pressure 40.0 Atmospheres Pressure

v Residuals, for mole c v Residuals, for mole

%moisture content % moisture content
T 0.1 1.0 5.0 c A 0.1 1.0 5.0 T

(°K) v v ((OR)

1800 5967 52 43. 76. 306* 5962 50 37. 66* 290. 3240

1850 6019 52 6017 55 3330

1900 6078 59 45. 84. 333* 6069 52 46* 75. 312. 3420

1950 6133 55 6125 56 3510

2000 6196 63 67. 109. 387. 6177 52 46* 86. 340. 3400

2050 6263 67 6234 57 3690

2100 6332 69 86. 138. 461. 6297 63 64* 109. 396* 3780

2150 6398 66 6355 58 3670

2200 6476 78 104. 161* 530. 6418 63 85. 135. 4533 3960

2250 6563 87 6482 64 4050

2300 6666 103 123. 197. 619. 6556 74 94. 157. 507. 4140

2350 6768 102 6629 73 4230

2400 6880 112 154* 247. 739* 6711 82 120* 189. 589. 4320

2450 7000 120 6796 85 4410

2500 7139 139 190. 296* 887a 6887 91 147. 228. 689. 4500

2550 7288 149 6986 99 4590

2600 7460 172 216. 350. 1044. 7086 100 163. 260. 789. 480

2650 7640 180 7191 105 4770

2700 7843 203 242. 400. 1218. 7312 121 181. 294. 898* 4660

2750 8059 216 7444 132 4950

2800 8303 244 280. 465* 1447. 7586 142 206. 341. 1035. 5040

2850 8577 274 7738 252 5130

2900 8878 301 298. 520* 1686. 7897 159 237. 390. 1199- 5220

2950 9194 316 8076 179 5310

3000 9523 329 317. 576* 1950. 8269 193 248* 422* 1364. 5400

3100 10244 721 332. 620* 2250* 8687 418 260* 460. 1540. 3580

3200 11091 847 331. 650o 2570* 9162 475 270* 490. 1720* 5760

3300" 12034 943 329. 690. 2900* 9701 539 273* 520. 1910. 3940

3400 13019 985 329. 700. 3210. 10260 559 275* 540. 2070* 6120

3500 14055 1036 311. 700. 3520. 10849 589 263. 550. 2270* 6300

3600 15156 1101 299. 700* 3800. 11501 652 257. 560. 2470* 6480

3700 16216 1060 301. 690. 4010. 12178 677 258. 560* 2650* 6660

3800 17162 946 317. 690. 4190. 12870 692 242. 550. 2860. 6840

3900 18073 911 302. 690. 4260. 13642 772 227. 540. 2990. 7020

4000 18828 755 294. 680. 4260. 14392 750 240. 530. 3140. 7200

4100 19478 650 318e 690. 4230. 15172 780 239. 560. 3280* 7380

4200 20037 559 332. 670* 4170. 15918 746 246. 560* 3410. 7560

4300 20531 494 322* 650. 3950. 16597 679 258. 550* 3450* 7740

4400 21107 576 281. 650. 3750* 17287 690 242* 560. 3490* 7920

4500 21731 624 286. 610. 3500. 17872 585 249. 560* 3470* 8100

4600 22468 737 276. 560. 3220* 18421 549 281. 570. 3420* 8260

4700 23370 902 280. 550* 2990. 18949 528 276. 570. 3410. 8460

4800 24560 1190 231. 460. 2690* 19515 566 281. 560. 3240. 8640

Table 1510.06 SPECIFIC HEAT AT CONSTANT VOLUME (cv in ft-lbF /slug OR) for
dry and moist air (Continued)

(See Section 1500.3 for definition of residuals)



1 August 1953 Specific Heat at Constant Volume 1510.06-20

70.0 Atmospheres Pressure 100.0 Atmospheres Pressure

Residuals, for mole c, Residuals, for mole

% moisture content % moisture content
T cv 0.1 1.0 5.0 cv 0.1 1.0 5.0 T

(*K) V(*R)

1800 5960 54 34. 62& 283. 5958 54 33. 61. 279a 3240
1850 6014 54 6012 54 3330
1900 6065 51 47. 72. 307. 6062 50 46. 70. 303. 3420

1950 6122 57 6118 56 3510
2000 6174 52 40@ 79. 327o 6170 52 38. 76. 322. 3600

2050 6228 54 6224- 54 3690

2100 6287 59 55. 101. 375. 6284 60 51. 97, 363. 3780

2150 6347 60 6340 56 3870
2200 6404 57 79. 131. 431. 6398 58 74. 127, 415. 3960
2250 6469 65 6456 58 4050

2300 6532 63 89. 145. 474. 6516 60 87. 139. 456. 4140

2350 6599 67 6579 63 4230
2400 6671 72 108. 168. 545a 6651 72 100. 156. 521. 4320
2450 6742 71 6719 68 4410

2500 6815 73 130. 2080 631. 6788 69 118. 195. 598. 4500

2550 6893 78 6861 73 4590

2600 6981 88 147. 230. 715. 6940 79 140. 215. 675. 4680
2650 7074 93 7030 90 4770
2700 7168 94 161. 261o 805. 7119 89 150. 243, 756a 4860
2750 7278 110 7214 95 4950

2800 7388 110 178. 303. 926. 7315 101 162. 280. 867. 5040

2850 7509 121 7423 108 5130
2900 7633 124 226. 349. 1054. 7534 Iil 217. 324, 970. 5220
2950 7772 139 7655 121 5310
3000 7917 145 224. 371. 1168. 7793 138 209. 341, 1053. 5400

3100 8266 349 231. 410. 1310. 8041 248 214. 380. 1180. 5580
3200 8630 364 247. 440; 1480. 8344 303 233. 420. 1330o 5760
3300 9066 436 255. 460. 1640. 8726 382 244. 430. 1490. 5940
3400 9529 463 254. 490. 1790. 9146 420 241. 450. 1660a 6120
3500 10022 493 245. 490. 1960. 9602 45b 235* 460. 1810. 6300

3600 10574 552 242. 510. 2130. 10123 521 232* 480. 1970. 6480
3700 11146 572 238. 510. 2270. 10657 534 225. 490. 2090. 6660
3800 11722 576 228. 500. 2450. 11175 518 227. 480. 2250e 6840
3900 12352 630 223. 510. 2600. 11718 543 226. 490. 2410. 7020
4000 12960 608 232. 500* 2710. 12217 499 229. 490. 2480. 7200

4100 13618 658 222. 510. 2850. 12758 541 218. 490. 2610. 7380
4200 14277 659 213. 510. 2960. 13310 552 198. 470. 2680. 7560
4300 14892 615 222. 500o 3050. 13832 522 199. 470. 2790. 7740

4400 15545 653 218. 490. 3140. 14409 577 203. 450. 2880. 7920
4500 16132 587 233. 510. 3150. 14964 555 225. 480. 2890. 8100

4600 16685 553 249. 530. 3170. 15502 538 221. 500. 2930. 8280

4700 17226 541 243. 510o 3200. 16053 551 217. 460. 2960. 8460
4800 17759 533 274. 530. 3140. 16590 537 257. 490. 2960. 8640

Table 1510.06 SPECIFIC HEAT AT CONSTANT VOLUME (cv in ft-lbF/slug OR) for

dry and moist air (Concluded)
(See Section 1500.3 for definition of residuals)



NAVORD REPORT 1488 (Volume 5) HANDBOOK OF SUPERSONIC AERODYNAMICS

1510.07-1 Properties of Gases 1 August 1953

1510.07 Specific Heat at Constant Pressure

0.01 Atmosphere Pressure

T c ' T T c P T
( 0 K) P (OR) (K) (OR)

50 6007.9 90 300 6008.7 27 540
60 60C008 - 71 108 310 6012e0 33 558
70 5997.4 - 34 126 320 6015.4 34 576
80 5995.7 - 17 144 330 6019.5 41 594
90 5994.8 - 9 162 340 6023s8 43 612

100 5994.3 - 5 180 350 6028.6 48 630
110 5993.9 - 4 198 360 6033.9 53 648
120 5993.8 - 1 216 370 6039.6 57 666
130 5993.6 - 2 234 380 6046.1 65 684
140 5993.6 0 252 390 6052.8 67 702

150 5993.6 0 270 400 6060e0 72 720
160 5993.6 0 288 410 6067.6 76 738
170 5993.6 0 306 420 6075.8 82 756
180 5993.8 2 324 430 6084.4 86 774
190 5%3,9 1 342 440 6093.5 91 792

200 5994.5 6 360 450 6102.9 94 810
2190 5994.8 3 378 460 6112.9 100 828
220 5995.3 5 396 470 6123.2 103 846
230 5996.2 9 414 480 6133.8 106 864
240 5997.0 8 432 490 6144.8 110 882

250 5998.4 14 45C 500 6156.2 114 900
260 5999e8 14 468 510 6167.8 116 918
270 6001.5 17 486 520 6179e8 120 936
280 6003.6 21 504 530 6192.2 124 954
290 6006.0 24 522 540 6204.9 127 972

Conversion Factors for Specific Heat at Constant Pressure (cP)

To Convert To Having Dimensions Multiply
Tabulated Value of Indicated below by

c c ft 2 sec- 2 oR-1 1.00000

ft lbF lbM1 R- 1  0.0310810
with dimensions of -M

ft lbF slug-1 OR-1 ft lbF moleib °R-1 0.900293

Btu lbM1 oR-1 3.99680 x10-5

Btu mole'1 OR-1 0.0115771
__ __ __ _ __ __ __ _lbII

Table 1510.07 SPECIFIC HEAT AT CONSTANT PRESSURE (c in ft-lb /slug OR) for
dry and moist air F

(See Section 1500.3 for definition of residuals)



I August 1953 Specific Heat at Constant Pressure 1510.07-2

0.01 Atmosphere Pressure

T c P T T c P T
(OK) P (OR) (OK) (*R)

550 6217.8 129 g9C 800 6569a8 139 1440
560 6230.8 130 1008 850 6639 69 1530
570 6244.0 132 1026 900 6705 66 1620
580 6257.6 136 1044 950 6770 65 1710
590 6271.2 136 1062 1000 6830 60 1800

603 6284.9 137 1080 1050 6888 58 1890
610 6298.8 139 1098 11C0 6945 57 1980
620 6312.9 141 1116 1150 7000 55 2070
630 6326.9 140 1134 1200 7053 53 2160
640 6341.2 143 1152 1250 7106 2250

650 6355.6 144 1170 1300 7159 2340
660 6370.0 144 1188 1350 7211 D, 2430
670 6384.4 144 1206 1400 7264 53 2520
680 639A.0 145 1224 1450 7321 57 2610
690 6413.3 144 1242 1500 7383 62 2700

700 6427.7 144 1260 1550 7448 65 2790
710 6442.1 144 1278 1600 7518 70 2880
720 6456.4 143 1296 1650 7599 81 2970
730 6470.8 144 1314 1700 7688 89 3060
740 6485.2 144 1332 1750 7803 115 3150

750 6499.5 143 1350 1800 7951 148 3240
760 6513.5 140 1368 1850 8141 190 3330
770 6527.8 143 1386 1900 8390 249 3420
780 6541.8 140 1404 1950 8713 323 3510
790 6555.9 141 1422 2000 9142 429 3600

2050 9732 590 3690

2100 10490 760 3780
2150 11360 870 3870

2200 12380 1020 3960
2250 13510 1130 4050

2300 14710 1200 4140

Conversion Factors for Specific Heat at Constant Pressure (cP)

To Convert To Having Dimensions Multiply
Tabulated Value of Indicated below by

cc p cal gm-1 °K-1 3.99680 x10-5

cal mole'1 OK-1 1.15771 x10-3
with dimensions of gm

ft lbFSlUg-1 OR-1 joule gm-1 GO 1.67226 x10-4

I erg gm- 1 .K-1 1672.26

Table 1510.07 SPECIFIC HEAT AT CONSTANT PRESSURE (c in ft-lbF/slug OR) for
dry and moist air (Continued) F uf
(See Section 1500.3 for definition of residuals)



NAVORD REPORT 1488 (Volume 5) HANDBOOK OF bUPERSONIC AERODYNAMICS
1510.07-3 Properties of Gases 1 August 1953

0.1 Atmosphere Pressure 0.4 Atmosphere Pressure

cp Residuals, for mole cp nesidnals, for mole

I moisture content % moisture content
T c A 0.1 1.0 5.0 c A 0.1 1.0 5.0 T

(OK) P (OR)

90 6012,8 607600 62

100 600703 - 55 6052.8 -232 180
110 6004.1 - 32 6038.4 -144 198
120 6001.7 - 24 6028*6 - 98 216
130 6000.0 - 17 6021.6 - 70 234
140 5998.8 - 12 6016.4 - 52 252

156 5998.1 - 7 6012.8 - 36 270
160 5997.4 - 7 6009.9 - 29 288
170 5996e9 - 5 6007.7 - 22 306
180 5996.5 - 4 6005.8 - 19 324
190 5996.5 0 6004.6 - 12 342

200 5996.5 0 6003*9 - 7 360
210 5996.7 2 6003*2 - 7 376
220 5997.0 3 600207 - 5 396
230 5997.7 7 6002.9 2 414
240 5998.4 7 6003.0 1 432

250 5999*6 12 6003.9 9 450
260 6000.8 12 6004*8 9 468
270 6002.5 17 6006.0 12 486
280 6004.4 19 6007.7 17 504
290 6006.8 24 6009*7 20 522

300 6009.4 26 6012.1 24 540
310 6012.8 34 6015.2 31 558
320 6016.3 35 6018.5 33 576
330 6020.2 39 6022*3 38 594
340 6024.5 43 6026.4 41 612

350 6029.3 48 6031.2 48 630
360 6034.5 52 6036*3 51 648
370 6040.1 56. 6041.8 55 666
380 6046.6 65 6048.4 66 684
390 5053.3 67 6054.9 65 702

400 6060.5 72 6061.9 70 720
410 6068.1 76 6069.3 74 738
420 6076.2 81 6077.5 82 756
430 6084.7 85 6086.1 86 774
440 6093.8 91 6094.9 88 792

450 6103.3 95 6104.5 96 810
460 6113.2 99 6114.3 98 828
470 6123.5 103 6124.6 103 846
480 6134.2 107 6135.0 104 864
490 6145.2 110 6146.0 110 882

500 6156.5 113 16. 33. 174. 6157.4 114 17. 32. 175. 900
510 6168.2 117 6168.9 115 918
520 9180.2 120 6180.9 120 936
530 6192.5 123 6193.2 123 954
540 6205.1 126 6205.9 127 972

Table 1510.07 SPECIFIC HEAT AT CONSTANT PRESSURE (c in ft-lbF /slug OR) for
dry and moist air (Continued) p
(See Section 1500.3 for definition of residuals)



1 August 1953 Specific Heat at Constant Pressure 1510.07-4

0.7 Atmosphere Pressure 1.0 Atmosphere Pressure

SResiduals, for mole c Residuals, for molecpp

% moisture content % moisture content
T C A 0.1 1.0 5.0 Cp 0.1 1.0 5.0 T

(0') _ _ (°R)

90 6142o8 621307 162

100 6099.9 -429 6149.1 -646 180
110 6073.6 -263 6110*0 -391 198
120 6056.3 -173 6084.4 -256 216
130 6043.7 -126 6066.0 -184 234
140 6034.6 - 91 6052,8 -132 252

150 6027.8 - 68 6042.9 - 99 270
160 6022.6 - 52 6035.3 - 76 288
170 6018.5 - 41 6029.3 - 60 306
180 6015.2 - 33 6024.7 - 46 324
190 6012*7 - 25 6021.1 - 36 342

200 6011.1 - 16 6018.3 - 28 360
210 6009.6 - 15 6016.1 - 22 378
220 6008.5 - 11 6014.2 - 19 396
230 6008.0 - 5 6013.2 - 10 414
240 6007.7 - 3 6012W5 - 7 432

250 6008.2 5 6012.3 - 2 450
260 6008.5 3 6012.5 2 468
270 6009*6 11 6013.0 5 486
280 6010.9 13 6014.2 12 504
290 6012.8 19 6015.7 15 522

300 6015.1 23 0017.8 21 540
310 6017*8 27 6020.4 26 558
320 6020.7 29 6023.3 29 576
330 6024.5 38 6026.9 36 594
340 6028.4 39 6030.7 38 612

350 6033.1 47 6035.1 44 630
360 6038.2 51 603999 48 648
370 6043.6 54 6045.3 54 666
380 6049.9 63 6051.5 62 684
390 6056.4 65 6057.8 63 702

400 6043*5 71 6064.8 70 720
410 6070.7 72 6072*2 74 738
420 6078.7 80 6080.1 79 756
430 6087.3 86 6088.5 84 774
440 6096*1 88 6097.5 90 792

450 6105.5 94 6106.7 92 810
460 6115.3 98 6116.5 98 828
470 6125.6 103 6126.6 101 846
480 6136.1 105 6137.1 105 864
490 6146.9 108 6147.9 108 882

500 6158.2 113 16s 31. 174. 6159.1 112 16. 31. 173. 900
510 6169.7 115 6140.6 115 918
520 6181.7 120 6182.6 120 936
530 6193.9 122 6194.8 122 954
540 6206.6 127 6207.3 125 972

Table 1510.07 SPECIFIC HEAT AT CONSTANT PRESSURE(c in ft-lbF/slug °R) for
dry and moist air (Continued) F
(See Section 1500.3 for definition of residuals)



NAVORD REPORT 1488 (Volume 5) HANDBOOK OF SUPERSONIC AERODYNAMICS
1510.07-5 Properties of Gases 1 August 1953

0.1 Atmosphere Pressure 0.4 Atmosphere Pressure

c Residuals, for mole c Residuals, for mole

% moisture content % moisture content
T A 0.1 1.0 5.0 C A 0.1 1.0 5.0 T

(OK) p . (*R)

550 6217.9 128 6218.6 127 990
560 6231*0 131 6231o7 131 1008
570 6244.2 132 6244.9 132 1026
50 6257o8 136 6258.5 136 1044
590 6271.3 135 6272.0 135 1062

600 6285#1 138 18. 38. 183. 6285o6 136 200 38. 185. 1080
610 6299*0 139 6299.5 139 1098
620 6313.0 140 6313.6 141 1116
630 6327.1 141 6327.6 140 1134
640 6341.4 143 6341.9 143 1152

650 6355.8 144 6356.3 144 1170
660 6370.2 144 6370.7 144 1188
670 6384.4 142 6385*0 143 1206
680 6399.0 146 6399.4 144 1224
690 6413.5 145 6413.8 144 1242

700 6427.9 144 9g 35. 190. 6428*2 144 18. 36o 192* 1260
710 6442.3 144 6442.6 144 1278
720 6456.5 142 6456.9 143 1296
730 6471.0 145 6471.3 144 1314
740 6485.4 144 6485.7 144 1332

750 6499.6 142 6500.0 143 1350
760 6513.7 14! 6514.0 140 1368
770 6527.9 142 6528.1 141 1386
780 6542.0 141 6542*2 141 1404
790 6556.1 141 6556.3 141 1422

800 6570.0 139 20. 41. 202. 6570.2 139 22. 42. 205. 1440
850 6641 71 6641 71 15ý0
900 6705 64 16 46 209 6705 64 23 42 212 1620
950 6770 65 6770 65 1710

1000 6830 60 16 44 212 6830 60 22 40 217 1800

1050 6888 58 6888 58 1890
1100 6945 57 22 52 225 6945 57 24 46 233 1980
1150 7000 55 7000 55 2070
1200 7053 53 26 47 251 7053 53 20 44 239 2160
1250 7106 53 7106 53 22,3

1300 7159 53 32 45 257 7159 53 28 47 249 2340
1350 7211 52 7211 52 2430
1400 7261 50 33 64 266 7261 50 26 60 269 2520
1450 7312 51 7312 51 2610
1500 7362 50 13 67 295 7362 50 40 55 285 2700

1550 7419 57 7417 55 2790
1600 7477 58 34 70 329 7470 53 40 68 313 2880
1650 7540 63 7530 60 2970
1700 7606 66 77 100 376 7589 59 37 86 349 3060
1750 7678 72 7650 61 3150

Table 1510.07 SPECIFIC HEAT AT LONSTANT PRESSURE (c in ft-lbF/slug OR) for
dry and moist air (Continued) p

(See Section 1500.3 for definition of residuals)
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I August 1953 Specific Heat at Constant Pressure 1510.07-6I

0.7 Atmosphere Pressure 1.0 Atmosphere Pressure

c Residuals, for mole c Residuals, for mule

% moisture content % moisture content
T e 1 0.1 1.0 5.0 c . 0.1 1.0 5.0 T

(OK) P p O(R)

550 6219.5 129 6223.2 129 990
56C 6232o4 129 6233.1 12ýj 108
570 6245@6 132 6246e3 112 1026
580 6259.0 134 6259.7 124 1044
590 6272.5 135 6273.2 135 1062

600 6286.1 136 19. 37, 1->.4 6286*O 136 1i. 36. 184. 1080
61, 6300o0 13-' 6330.7 139 1098
620 6314.1 141 6314.6 139 1116
630 6328.1 140 6326.7 141 1134
640 6342.4 14Z 6342.9 142 1152

650 6356.6 142 6357.2 143 1170
660 6371.1 145 6371.6 144 1188
670 6385.5 144 6386.0 144 1206
680 6399.9 144 6400.4 144 1224
690 6414.3 144 6414.7 143 1242

700 6428.7 144 22. 39. 194. 6429.1 144 23. 40. 195. 1260
710 6443.0 143 6443.3 142 1278
720 6457.2 142 6457o6 143 1296
730 6471.6 144 6472.0 144 1314
740 6486.1 145 6486.4 144 1332

750 6500.3 142 6500.7 143 1350
760 6514.4 141 6514.7 140 1368
770 6528.5 141 6528.3 141 1386
780 6542.5 140 6542.9 141 1404
790 6556o6 141 6557.0 141 1422

800 6570.5 139 23. 43. 205. 6570.9 139 24v 45. 205. 1440
850 6641 71 6641 70 1530
900 6705 64 25 43 213 6705 64 25 43 213 1620
950 6770 65 6770 65 1710

1000 6830 60 23 40 218 6830 60 23 41 218 1800

1050 6888 5b 6888 58 1890
1100 6945 57 25 45 234 6945 57 26 46 236 1980
1150 7000 55 7000 55 2070
1200 7053 53 19 45 237 7053 53 21 46 238 2160
1250 7106 53 7106 53 2250

1300 7159 53 28 50 248 7159 53 28 50 248 2340
1350 7211 52 7211 52 2430
1400 7261 50 25 58 268 7261 50 25 57 268 2520
1450 7312 51 7312 51 2610
1500 7362 50 47 53 284 7362 50 48 53 283 2700

1550 7417 55 7417 55 2790
1600 7470 53 45 6G 310 7470 53 45 68 306 2880
1650 7528 58 7527 57 2970
1700 7585 57 28 82 340 7583 56 27 81 336 3060
1750 7643 58 7640 57 3150

Table 1510.07 SPECIFIC HEAT AT CONSTANT PRESSURE (c in ft-lbF/slug °R) for
dry and moist air (Continued) PF
(See Section 1500.3 for definition of residuals)



NAVORD REPORT 1488 (Volume 5) HANDBOOK OF SUPERSONIC AERODYNAMICS
1510.07-7 Properties of Gases 1 August 1953,

0.1 Atmosphere Pressure 0.4 Atmosphere Pressure

Cp Residuals, for mole Cp Residuals, for mole

% moisture content % moisture content
T c a 0.1 1.0 5.0 C A 0.1 1.0 5.0 T

(OK) ___ (OR)

1800 7760 82 89 140 480 7719 69 72 112 411 3240
1850 7856 96 7791 72 333C
1900 7971 115 116 195 598 7872 81 93 145 499 .- 20
1950 8122 151 7970 98 35'n
2000 8306 184 155 265 768 8086 110 112 193 611 3600

2050 8514 208 8212 126 3690
2100 8747 233 238 351 1050 8352 140 172 263 790 3780
2150 9060 313 8536 184 3870
2200 9432 372 315 483 1417 8745 209 219 348 1008 3960
2250 9904 472 9012 267 4050

2300 10464 560 386 648 1920 9312 300 271 438 1290 4140
2350 11082 618 9655 343 4230
2400 11830 '48 514 857 2647 10057 402 354 556 1679 4320
2 50 12736 4ý6 10522 465 4410
250C 13758 1022 7?6 1103 3629 11078 556 419 715 2198 4500

2550 14760 1002 11650 572 4590
2600 16150 1390 69- 1344 4839 12290 640 498 887 2837 4680
2650 17540 1390 12990 700 4770
2700 19070 1530 737 1503 6252 13770 780 565 1027 3631 4860
2750 20720 1650 14590 820 4950

2800 2 2 4 5 ^ 1730 738 1616 7806 15480 890 596 1177 4605 5040
2850 5130
2900 25950 3500 697 1640 9085 18530 3050 618 1300 5659 5220
2950 5310
3000 29080 3130 668 1571 9794 21070 2540 606 1360 6665 5400

3100 31351 2271 630 23629 2559 590 1340 7530 5580
3200 26065 2436 560 1290 8180 5760
3300 28113 2048 530 1290 8360 5940
3400 29436 1323 570 1220 8130 6120
3500 30068 632 540 1160 7590 6300

3600 30242 174 520 1090 6730 6480
3700 30084 -158 500 1010 5900 6660
3800 30057 - 27 390 860 4960 6840
3900 30716 659 290 660 4040 7020
4000 32163 1447 290 630 3360 7200

4100 34698 2535 220 510 2640 7380
4200 38383 3685 190 470 2180 7560
4300 43055 4672 160 350 1860 7740
4400 48757 5702 160 270 1560 7920
4500 54997 6240 40 240 1330 8100

4600 61383 6386 180 240 1120 8280
4700 67861 6478 140 240 950 8460
4800 74155 6294 70 190 430 8640

Table 1510.07 SPECIFIC HEAT AT CONSTANT PRESSURE (c in ft-lbF/slug OR) for
dry and moist air (Continued) F
(See Section 1500.3 for definition of residuals)



1 August 1953 Specific Heat at Constant Pressure 1510.07-8

0.7 Atmosphere Pressure 1.0 Atmosphere Pressure

c Residuals, for mole c Residuals, for mole

% moisture content % moisture content
T cp 0.1 1.0 5.0 c A 0.1 1.0 5.0 T

(oK) P _ (OR)

1800 7707 64 65 101 388 7702 62 62 97 378 3240

1850 7774 67 7765 63 3330
1900 7849 75 86 131 470 7837 72 80 123 452 3420

1950 7932 83 7915 78 3510
2000 6026 94 101 170 565 8002 87 95 158 540 3600

2050 8133 107 8100 98 3690

2100 8249 116 152 240 720 8206 106 142 226 682 3780

2150 8394 145 8335 129 3870
2200 8570 176 193 311 897 8491 156 178 289 836 3960
2250 8778 208 8677 186 4050

2300 9022 244 242 378 1124 8890 213 226 346 1037 2140
2350 9302 280 9133 243 4230

2400 9619 317 305 476 1433 9413 280 277 433 1306 4320
2450 9983 364 9732 319 4410
2500 10409 426 356 608 1841 10096 364 323 552 1658 4500

2550 10850 441 10500 404 4590
2600 11330 480 439 748 2341 10990 490 405 674 2089 4680
2650 11860 530 11520 530 4770
2700 12460 600 496 881 2956 12120 600 455 799 2609 4860
2750 13100 640 12790 670 4Q50

2800 13770 670 528 1019 3759 13510 720 488 926 j314 5040
2850 14330 820 5130
2900 16360 2590 576 1134 4595 15210 880 546 1033 4020 5220
2950 16130 920 5310
3000 18500 2140 561 1213 5452 17100 970 529 1118 4765 5400

3100 20773 2273 550 1240 6350 19135 2035 520 1160 5630 5580
3200 23092 2319 530 1230 7130 21297 2162 510 1170 6410 5760
3300 25268 2176 520 1240 7580 23430 2133 510 1190 6960 5940

3400 26977 1709 550 1180 7680 25248 1818 530 1150 7230 6120
3500 28148 1171 530 115C 7520 26660 1412 510 1120 7270 6300

3600 28890 742 510 1100 7070 27724 1064 490 1090 7060 6480
3700 29146 256 500 1070 6520 28300 576 490 1070 6710 6660
3800 29216 70 450 960 5780 28581 281 470 1000 6140 6840
3900 29576 360 370 810 5030 28962 381 420 890 3550 7020

4000 30319 743 350 760 4310 29505 543 380 830 4860 7200

4100 31754 1435 320 660 3560 30494 989 380 750 4160 7380

4200 34080 2326 270 "cc 2970 32170 1676 330 650 3550 7560
4300 37198 3118 210 470 2550 34473 2303 260 560 3080 7740

4400 41247 4049 220 330 221C 37599 3126 250 470 2690 7920

4500 46001 4754 110 35C 1870 41439 3840 170 430 2280 8100

4600 51165 5164 200 360 1610 45760 4321 220 430 1950 8280
4700 56814 5649 150 290 1400 50681 4921 180 330 1670 8460
4800 62688 5874 160 320 1080 56005 5324 190 350 1400 8640

Table 1510.07 SPECIFIC HEAT AT CONSTANT PRESSURE (c in ft-lbF /slug OR) for
dry and moist air (Continued) F
(See Section 1500.3 for definition of residuals)



NAVORD REPORT 1488 (Volume 5) HANDBOOK OF SUPERSONIC AERODYNAMICS
1510.07-9 Properties of Gases 1 August 1953

1.0 Atmosphere Pressure 4.0 Atmospheres Pressure

c Residuals, for mole c Residuals, for mole

% moisture content % moisture content
T c a 0.1 1.0 5.0 C A 0.1 1.0 5.0 T

(K) (OR)

90 6213.7 162

100 6149.1 -646 180
110 6110.0 -391 6551.1 198
120 6084.4 -256 6408.3 -1428 216
130 6066.0 -184 6314.9 -934 234
140 6052.8 -132 6251*1 -638 252

150 6042.9 - 99 6204.6 -465 270
160 6035.3 - 76 6170.9 -337 288
170 6029.3 - 60 6143.8 -271 306
180 6024.7 - 46 6122.7 -211 324
190 6021.1 - 36 6106.0 -167 342

200 6018.3 - 28 6092.6 -134 360
210 6016.1 - 22 6081.8 -108 378
220 6014.2 - 19 6072.? - 91 396
230 6013.2 - 10 6065.5 - 72 414
240 6012.5 - 7 6059.5 - 60 432

250 6012.3 - 2 6055.2 - 43 450
260 6012.5 2 6051.5 - 37 468
270 6013.0 5 6048.9 - 26 486
280 6014.2 12 6046*8 - 21 504
290 6015.7 15 6045*8 - 10 522

300 6017.8 21 6045*4 - 4 540
310 6020.4 26 6046*0 6 558
320 6023.3 29 6047.0 10 576
330 6026.9 36 6048.9 19 594
340 6030.7 38 6051.3 24 612

350 6035.1 44 6054.5 32 630
360 6039.9 48 6058.1 36 648
370 6045.3 54 6062.4 43 666
380 6051.5 62 6067*6 52 684
390 6057.8 63 6073.1 55 702

400 6064.8 70 6079.1 60 720
410 6072.2 74 6085.6 65 738
420 6080.1 79 6093*0 74 756
430 6088.5 84 6100.7 77 774
440 6097.5 90 6108.8 81 792

450 6106.7 92 6117.5 87 810
460 6116.5 98 6126.8 93 828
470 6126.6 101 6136.4 96 846
480 6137.1 105 6146.5 101 864
490 6147.9 108 6156.8 103 882

500 6159.1 112 16. 31. 173. 6167.7 109 16. 31. 167. 900
510 6140.6 115 6178.8 111 918
520 6182.6 120 6190.5 117 936
530 6194.8 122 6202.3 118 954
540 6207.3 125 6214.7 124 972

Table 1510.07 SPECIFIC HEAT AT CONSTANT PRESSURE (c in ft-lbF/slug *R) for
dry and moist air (Continued) PF

(See Section 1500.3 for definition of residuals)



1 August 1953 Specific Heat at Constant Pressure 1510.07-10

7.0 Atmospheres Pressure 10.0 Atmospheres Pressure

c Residuals, for mole c Residuals, for mole

% moisture content % moisture content
T c A 0.1 1.0 5.0 c A 0.1 1.0 5.0 T

(OK) P P (OR)

100 180
110 7146.0 8251.0 198
120 6835.0 -3110 7424.0 -8270 216
130 6620.0 -2150 7005.0 -4190 234
140 6485.0 -1350 6761.0 -2440 252

150 6388.6 -960 6598.1 -1630 270
160 6319a4 -692 6484*9 -1132 288
170 6267.6 -518 6402.0 -829 306
180 6227.2 -404 6339.3 -627 324
190 6195.8 -314 6289.9 -494 342

200 6170.7 -251 6252*6 -373 360
210 6150.3 -204 6221.2 -314 378
220 6133.2 -171 6195.6 -566 396
230 6119.4 -138 6174*5 -211 414
240 6107.9 -115 6157.2 -173 432

250 6098.8 - 91 6143.1 -141 450
260 6090.9 - 79 6131.1 -120 468
270 6084s9 - 60 6121.5 - 96 486
280 6079o8 - 51 6113.1 - 84 504
290 6076.0 - 38 6106*5 - 66 522

300 6073*4 - 26 6101.4 - 51 540
310 6071.9 - 15 6097s8 - 36 558
320 6071.0 - 9 6094.9 - 29 576
330 6071.4 4 6093.5 - 14 594
340 6072.0 6 6093.0 - 5 612

350 6073.9 19 6093.5 5 630
360 6076.5 26 609407 12 648
370 6079.6 31 6096.8 21 666
380 6083.7 41 6099.7 29 684
390 6088.2 45 6103.3 36 702

400 6093.5 53 6107.8 45 720
410 6099.2 57 6112.6 48 738
420 6105.9 67 6118.4 58 756
430 6112.7 68 6124.7 63 774
440 6120.3 76 6131.6 69 792

450 6128.5 82 6139.3 77 810
460 6137*3 88 6147.6 83 828
470 6146.5 92 6156.2 86 846
480 6156.0 95 6165.4 92 864
490 6165.9 99 6175.0 96 882

500 6176*4 105 17. 32. 163. 18. 33o 159o 900
510 6187.2 108 6195*3 105 918
520 6198.4 112 6206.1 108 936
530 6210.1 117 6217.4 113 954
540 6221.9 118 6229.1 117 972

Table 1510.07 SPECIFIC HEAT AT CONSTANT PRESSURE (c in ft-lb /slug OR) for
dry and moist air (Continued) PF

(See Section 1500.3 for definition of residuals)



NAVORD REPORT 1488 (Volume 5) HANDBOOK OF SUPERSONIC AERODYNAMICS
1510.07-11 Properties of Gases 1 August 1953

1.0 Atmosphere Pressure 4.0 Atmospheres Pressure

Cp Residuals, for mole c Residuals, for molc

% moisture content % moisture content
T c A 0.1 1.0 5.0 c 0.1 1.0 5.0 T
(OX P P (OR)

550 6220.2 129 6227.0 123 990
560 6233.1 129 6239.7 127 1008
570 6246.3 132 6252.6 129 1026
580 6259.7 134 6265.8 132 1044
590 6273.2 135 6279e2 134 1062

600 6286.8 136 19. 36. 184. 6292.6 134 16. 34. 182a 1080
610 6300.7 139 6306.7 141 1098
620 6314.6 139 6320.1 134 1116
630 6328.7 141 6333.8 137 1134
640 6342.9 142 6347.9 141 1152

650 6357.2 143 6362.0 141 1170
660 6371.6 144 6376.2 142 1188
670 6386.0 144 6390.5 143 1206
680 6400.4 144 6404.7 142 1224
690 6414.7 143 6418.9 142 1242

700 6429.1 144 23. 40. 195. 6433.2 143 22. 43. 195. 1260
710 6443.3 142 6447.4 142 1278
720 6457.6 143 6461.3 139 1296
730 6472.0 144 6475.8 145 1314
740 6486.4 144 6490.0 142 1332

750 6500.7 143 6504.1 141 1350
760 6514.7 140 6518.0 139 1368
770 6528.8 141 6532.1 141 1386
780 6542.9 141 6546.1 140 1404
790 6557.0 141 6560.0 139 1422

800 6570.9 139 24. 45. 205. 6573.8 138 25. 48. 205. 1440
850 6641 70 6644 70 1530
900 6705 64 25 43 213 6708 64 25 48 213 1620
950 6770 65 6773 65 1710

1000 6830 60 23 41 218 6832 59 20 43 218 1800

1050 6888 58 6890 58 1890
1100 6945 57 26 46 236 6947 57 25 47 232 1980
1150 7000 55 7002 55 2070
1200 7053 53 21 46 238 7055 53 25 48 243 2160
1250 7106 53 7108 53 2250

1300 7159 53 28 50 248 7161 53 27 50 250 2340
1350 7211 52 7213 52 2430
1400 7261 50 25 57 268 7262 49 29 55 263 2520
1450 7312 51 7314 52 2610
1500 7362 50 48 53 283 7364 50 31 56 279 2700

1550 7417 55 7415 51 2790
1600 7470 53 45 68 306 7468 53 38 62 294 2880
1650 7527 57 7522 54 2970
1700 7583 56 27 81 336 7577 55 42 77 320 3060
1750 7640 57 7631 54 3150

Table 1510.07 SPECIFIC HEAT AT CONSTANT PRESSURE (c in ft-lbF /slug OR) for
dry and moist air (Continued) F
(See Section 1500.3 for definition of residuals)



1 August 1953 Specific Heat at Constant Pressure 1510.07-12S

7.0 Atmospheres Pressure 10.0 Atmospheres Pressure

c Residuals, for mole c Residuals, for mole

? moisture content % moisture content
T c A 0.1 1.0 5.0 c A 0.1 1.0 5.0 T

(OK) P P _(R)

550 6234.1 122 6240.9 118 990
560 624683 122 6253.1 122 1008
570 6259.1 128 6265.5 124 1026
580 6272.2 131 6278.2 127 1044
590 6285.1 129 6290,9 127 1062

600 6298.3 132 15. 34. 182. 6303.9 130 15. 35. 182. 1080
610 6311.8 135 6317.2 133 1098
620 6325.4 136 6330.4 132 1116
630 6339.0 136 6343.8 134 1134
640 6352.9 139 6357.5 137 1152

650 6366.9 140 6371.4 139 1170
660 6380.8 139 6385.3 139 1188
670 6394.9 141 6399.2 139 1206
680 6409.0 141 6413.1 139 1224
690 6423.1 141 6427.0 139 1242

700 6437.1 140 19. 424 192. 6441.1 141 18. 41. 192. 1260
710 6451e4 143 6455.0 139 1278
720 6465.1 137 6468.9 139 1296
730 6479.5 144 6483.0 141 1314
740 6493,6 141 6497.0 140 1332

750 6507.5 139 6511.0 140 1350
760 6521.4 139 6524.9 139 1368
770 6535.3 139 6538.8 139 1386
780 6549.2 139 6552.5 137 1404
790 6563.1 139 6566.2 137 1422

800 6576.9 138 25. 46. 205. 6580.1 139 24. 45. 205. 1440
850 6646 69 6648 68 1530
900 6710 64 24 47 213 6711 63 23 46 213 1620
950 6775 65 6777 66 1710

1000 6835 60 19 42 217 6837 60 20 42 217 1800

1050 6892 57 6893 56 1890
1100 6948 56 25 47 230 6950 57 25 47 229 1980
1150 7003 55 7005 55 2070
1200 7056 53 25 48 243 7056 51 24 48 241 2160
1250 7108 52 7110 54 2250

1300 7161 53 27 49 251 7163 53 27 48 250 2340
1350 7213 52 7214 51 2430
1400 7262 49 31 55 262 7264 50 31 54 261 2520
1450 7314 52 7314 50 2610
1500 7364 50 25 59 277 7364 50 23 59 275 2700

1550 7415 51 7415 51 2790
1600 7468 53 33 59 288 7468 53 32 59 286 2880
1650 7522 54 7522 54 2970
1700 7575 53 48 74 314 7577 55 51 74 312 3060
1750 7630 55 7630 53 3150

Table 1510.07 SPECIFIC HEAT AT CONSTANT PRESSURE (r. in ft-lbF /slug OR) for
dry and moist air (Continued) P F
(See Section 1500.3 for definition o.L residuals)



NAVORD REPORT 1488 (Volume 5) HANDBOOK OF SUPERSONIC AERODYNAMICS
1510.07-13 Properties of Gases 1 August 1953

1.0 Atmosphere Pressure 4.0 Atmospheres Pressure

Cp Residuals, for mole Cp Residuals, for mole

% moisture content % moisture content
T c A 0.1 1.0 5.0 c A 0.1 1.0 5.0 T

(K) P p (°R)

1800 7702 62 62 97 378 7690 59 54 91 352 3240
1850 7765 63 7746 56 3330
1900 7837 72 80 123 452 7808 62 59 103 398 3420
1950 7915 78 7872 64 3510
2000 8002 87 95 158 540 7940 68 81 130 463 3600

2050 8100 98 8016 76 3690
2100 8206 106 142 226 682 8093 77 109 176 564 3780
2150 8335 129 8182 89 3570
2200 8491 156 178 289 836 8279 97 130 209 657 3960
2250 8677 186 8394 115 4050

2300 8890 213 226 346 1037 8529 135 166 254 789 4140
2350 9133 243 8679 148 4230
2400 9413 280 277 433 1306 8838 161 198 318 957 4320
2450 9732 319 9020 182 4410
2500 10096 364 323 552 1658 9223 203 238 392 1171 4500

2550 10500 404 9453 230 4590
2600 10990 490 405 674 2089 9717 264 294 466 1417 4480
2650 11520 530 10009 292 4770
2700 12120 600 455 799 2609 10331 322 324 551 1695 4840
2750 12790 670 10723 392 4950

2800 13510 720 488 926 3314 11080 357 366 641 2093 5040
2850 14330 820 11514 434 5130
2900 15210 880 546 1033 4020 12003 489 410 714 2453 5220
2950 16130 920 12513 510 5310
3000 17100 970 529 1118 4765 13054 541 416 796 2859 5400

3100 19135 2035 520 1160 5630 14313 1259 430 870 3410 5580
3200 21297 2162 510 1170 6410 15710 1397 430 910 3970 5760
3300 23430 2133 510 1190 6960 17252 1542 440 950 4520 5940
3400 25248 1818 530 1150 7230 18826 1574 440 960 5050 6120
3500 26660 1412 510 1120 7270 20409 1583 420 950 5470 6300

3600 27724 1064 490 1090 7060 21990 1581 410 950 5820 6480
3700 28300 576 490 1070 6710 23363 1373 420 960 6040 6660
3800 28581 281 470 1000 6140 24463 1100 460 970 6100 6840
3900 28962 381 420 890 5550 25412 949 450 960 6090 7020
4000 29505 543 380 830 4860 26113 701 420 930 5810 7200

4100 30494 989 380 750 4160 26700 587 470 910 5530 7380
4200 32170 1676 330 650 3550 27315 615 450 850 5210 7560
4300 34473 2303 260 560 3080 28004 689 390 820 4750 7740
4400 37599 3126 250 470 2690 29010 1006 330 760 4360 7920
4500 41439 3840 170 430 2280 30368 1358 340 700 3880 8100

4600 45760 4321 220 430 1950 32067 1699 310 650 3430 8280
4700 50681 4921 180 330 1670 34224 2157 300 590 3000 8460
4800 56005 5324 190 350 1400 36929 2705 260 460 2660 8640

Table 1510.07 SPECIFIC HEAT AT CONSTANT PRESSURE (c in ft-lbF/slug OR) for
dry and moist a1ir (Continued) F F
(See Section 1500.3 for definition of residuals)



1 August 1953 Specific Heat at Constant Pressure 1510.07-14

7.0 Atmospheres Pressure 10.0 Atmospheres Pressure

c Residuals, for mole c Residuals, for mole

% moisture content ý moisture content
T c 0.1 1.0 5.0 c A 0.1 1.0 5.0 T
(OK) P P ((OR)

1800 7688 58 53 90 347 7686 56 51 89 345 3240
1850 7743 55 7740 54 3330
1900 7800 57 53 98 380 7798 58 50 95 372 3420
1950 7861 61 7856 58 3510
2000 7925 64 76 124 440 7918 62 71 118 425 3600

2050 7994 69 7985 67 3690
2100 8066 72 99 158 527 8054 69 93 147 505 3780
2150 8143 77 8126 72 3870
2200 8224 81 115 183 604 8205 79 108 170 577 3960
2250 8325 101 8296 91 4050

2300 8442 117 145 228 718 8399 103 132 214 678 4140
2350 8565 123 8507 108 4230
2400 8697 132 176 285 859 8627 120 164 267 806 4320
2450 8843 146 8757 130 4410
2500 9006 163 217 347 1039 8902 145 205 322 967 4500

2550 9188 182 9066 164 4590
2600 9396 208 258 410 1239 9250 184 238 379 1143 4680
2650 9624 228 9451 201 4770
2700 9875 251 285 478 1461 9671 220 263 438 1336 4860
2750 10148 273 9913 242 4950

2800 10450 302 329 556 1766 10179 266 308 511 1595 5040
2850 10783 333 10481 302 5130
2900 11152 369 359 523 2063 10814 333 329 573 1865 5220
2950 11557 405 11171 357 5310
3000 12000 443 376 696 2396 11542 371 354 641 2165 5400

3100 13023 1023 390 760 2820 12361 819 370 700 2530 5580
3200 14148 1125 400 800 3270 13337 976 380 740 2900 5760
3300 15409 1261 400 850 3740 14432 1095 380 780 3310 5940
3400 16732 1323 410 870 4200 15588 1156 380 820 3710 6120
3500 18130 1398 390 870 4620 16833 1245 360 820 4110 6300

3600 19592 1462 380 880 5030 18161 1328 360 830 4510 6480
3700 20967 1375 390 890 5340 19458 1297 380 840 4840 6660
3800 22174 1207 420 890 5550 20656 1198 390 840 5110 6840
3900 23288 1114 410 900 5660 21816 1160 370 850 5260 7020
4000 24172 884 400 890 5570 22789 973 380 850 5300 7200

4100 24916 744 440 890 5490 23649 860 410 860 5310 7380
4200 25568 652 450 860 5370 24384 735 430 850 5310 7560
4300 26179 611 410 850 5030 25041 657 410 840 5070 7740
4400 26949 770 350 820 4730 25783 742 360 840 4850 7920
4500 27876 927 370 760 4360 26576 793 380 780 4570 8100

4600 29011 1135 350 710 4000 27496 920 370 730 4240 8280
4700 30437 1426 340 680 3610 28604 1108 360 730 3950 8460
4800 32299 1862 290 540 3230 30056 1452 310 590 3570 8640

Table 1510.07 SPECIFIC HEAT AT CONSTANT PRESSURE (C in ft-lbF/slug OR) for
dry and moist air (Continued) F
(See Section 1500.3 for definition of residuals)



NAVORD REPORT 1488 (Volume 5) HANDBOOK OF SUPERSONIC AERODYNAMICS
1510.07-15 Properties of Gases August 1953

10.0 Atmospheres Pressure 40.0 Atmospheres Pressure

c Residuals, for mole cp Residuals, or mole
% moisture content % moisture content

T c 0.1 1.0 5.0 cp A 0.1 1.0 5.0 T
(OK) __ _ _ _ __ _ _ _ __ _ _ _ _ (OR)

100 180
110 8251.0 198
120 7424.0 -8270 216
130 7005e0 -4190 234
140 6761.0 -2440 252

150 6598.1 -1630 270
160 6484.9 -1130 10086 288
170 6402.0 -829 8740 -1346 306
180 6339.3 -627 8035 -705 324
190 6289.9 -494 7597 -438 342

200 6252.6 -373 7305 -292 360
210 6221.2 -314 7087 -218 378
220 6195.6 -566 6928 -159 396
230 6174,5 -211 6802 -126 414
240 6157e2 -173 6705 - 97 432

250 6143.1 -141 6626 - 79 450
260 6131.1 -120 6560 - 66 468
270 6121.5 - 96 6505 - 55 486
280 6113.1 - 84 6459 - 46 504
290 6106.5 - 66 6421 - 38 522

300 6101.4 - 51 6389 - 32 540
310 6097.8 - 36 6361 - 28 558
320 6094.9 - 29 6337 - 24 576
330 6093.5 - 14 6317 - 20 594
340 6093.0 - 5 6301 - 16 612

350 6093.5 5 6286 - 15 630
360 6094.7 12 6275 - 11 648
370 6096.8 21 6265 - 10 666
380 6099.7 29 6258 - 7 684
390 6103.3 36 6t51 - 7 702

400 6107.8 45 6248 - 3 720
410 6112.6 48 6245 - 3 738
420 6118.4 58 6243 - 2 756
430 6124.7 63 6243 0 774
"440 6131.6 69 6243 0 792

450 613903 77 6245 2 810
460 6147.6 83 6248 3 828
470 6156.2 86 6251 3 846
480 6165.4 92 6257 6 864
490 6175.0 96 6262 5 882

500 6184.8 98 18. 33. 159. 6269 7 15 26 119 900
510 619503 105 6275 6 918
520 6206.1 108 6282 7 936
530 6217.4 113 6291 9 954
540 6229.1 117 6299 8 972

Table 1510.07 SPECIFIC HEAT AT CONSTANT PRESSURE (cp in ft-lbF/slug °R) for
dry and moist air (Continued)tF
(See Section 1500.3 for definition of residuals)



1 August 1953 Specific Heat at Constant Pressure 1510.07-16

70.0 Atmospheres Pressure 100.0 Atmospheres Pressure

c Residuals, for mole c Residuals, for moleP P
% moisture content % moisture content

T c 0.1 1.0 5.0 c • 0.1 1.0 5.0 T
(OK) P p (OR)

100 180
110 198
120 216
130 234
140 252

150 270
160 288
170 306
180 11365 14520 324
190 9708 -1657 11980 -2540 342

200 8809 -899 10434 -1550 360
210 8222 -587 9403 -1030 378
220 7825 -397 8742 -661 896
230 7539 -286 8275 -467 414
240 7321 -218 7928 -347 432

250 7151 -170 7661 -267 450
260 7020 -131 7456 -205 468
270 6909 -111 7292 -164 486
280 6814 - 95 7153 -139 504
290 6739 - 75 7039 -114 522

300 6675 - 64 6945 - 94 540
310 6620 - 55 6866 - 79 558
320 6576 - 44 6797 - 69 576
330 6536 - 40 6741 - 56 594
340 6502 - 34 6689 - 52 612

350 6473 - 29 6646 - 43 630
360 6447 - 26 6607 - 39 648
370 6427 - 20 6576 - 31 666
380 6406 - 21 6547 - 29 684
390 6392 - 14 6523 - 24 702

400 6360 - 12 6502 - 21 720
410 6368 - 12 6483 - 19 738
420 6360 - 8 6468 - 15 756
430 6353 - 7 6456 - 12 774
440 6348 - 5 6445 - 11 792

450 6344 - 4 6437 - 8 810
460 6342 - 2 6430 - 7 828
470 6342 0 6425 - 5 846
480 6342 0 6421 - 4 864
490 6342 0 6420 - 1 882

500 6346 4 6418 - 2 900
510 6349 3 6418 0 918
520 6353 4 6420 2 936
530 6358 5 6421 1 954
540 6365 7 6425 4 972

Table 1510.07 SPECIFIC HEAT AT CONSTANT PRESSURE (c in ft-lb /slug 0R) for
dry and moist air (Continued) F

(See Section 1500.3 for definition of residuals)



NAVORD REPORT 1488 (Volume 5) HANDBOOK OF SUPERSONIC AERODYNAMICS
1510.07-17 Properties of Gases 1 August 1953

10.0 Atmospheres Pressure 40.0 Atmospheres Pressure

c Residuals, for mole c Residuals, for mole

% moisture content % moisture content
T c A 0.1 1.0 5.0 c A 0.1 1.0 5.0 T

(OK) P p (OR)

550 6240.9 118 6308 9 990
560 6253.1 122 6317 9 1008
570 6265.5 124 6327 10 1026
580 6278.2 127 6337 10 1044
590 6290,9 127 6348 11 1062

600 6303.9 130 15. 35. 182@ 6360 12 16 35 181 1080
610 6317.2 133 6370 10 1098
620 6330s4 132 6382 12 1116
630 6343o8 134 6394 12 1134
640 6357.5 137 6406 12 1152

650 6371.4 139 6418 12 1170
660 6385.3 139 6430 12 1188
670 6399.2 139 6442 12 1206
680 6413.1 139 6454 12 1224
690 6427.0 139 6468 14 1242

700 6441.1 141 18. 41. 192. 6480 12 19 38 189 1260
710 6455.0 139 6493 13 1278
720 6468.9 139 6505 12 1296
730 6483.0 141 6519 14 1314
740 6497.0 140 6531 12 1332

750 6511.0 140 6545 14 1350
760 6524.9 139 6557 12 1368
770 6538.8 139 6571 14 1386
780 6552.5 137 6583 12 1404
790 6566.2 137 6596 13 1422

800 6580.1 139 24. 45o 205* 6610 14 20 38 204 1440
850 6648 68 6677 67 1530
900 6711 63 23 46 213 6735 58 21 37 211 1620
950 6777 66 6797 62 1710

1000 6837 60 20 42 217 6854 57 26 39 218 1800

1050 6893 56 6909 55 1890
1100 6950 57 25 47 229 6964 55 25 43 227 1980
1150 7005 55 7017 53 2070
1200 7056 51 24 48 241 7068 51 17 46 230 2160
1250 7110 54 7120 52 2250

1300 7163 53 27 48 250 7173 53 24 45 246 2340
1350 7214 51 7223 50 2430
1400 7264 50 31 54 261 7271 48 25 51 260 2520
1450 7314 50 7323 52 2610
3500 7364 50 23 59 275 7371 48 36 59 272 2700

1550 7415 51 7422 51 2790
1600 7468 53 32 59 286 7474 52 34 65 283 2880
1650 7522 54 7527 53 2970
1700 7577 55 51 74 312 7580 53 32 66 301 3060
1750 7630 53 7633 53 3150

Table 1510.07 SPECIFIC HEAT AT CONSTANT PRESSURE (c in ft-lb /slug OR) for
dry and moist air (Continued) (CF

(See Section 1500.3 for definition of residuals)



1 August 1953 Specific Heat at Constant Pressure 1510.07-18

70.0 Atmospheres Pressure 100.0 Atmospheres Pressure

c Residuals, for mole c Residuals, for mole

Smoisture content % moisture content
T c p 0.1 1.0 5.0 c p . 0.1 1.0 5.0 T

(OK) (OR)

550 6370 5 6428 3 990
560 6377 7 6433 5 1008
570 6385 6 6439 6 1026
580 6392 7 6445 6 1044
590 6401 9 6451 6 1062

600 6411 10 6459 8 1080
610 6420 9 6466 7 1098
620 6430 10 6475 9 1116
630 6439 9 6483 8 1134
640 6449 10 6492 9 1152

650 6461 12 6500 8 1170
660 6471 10 6511 11 1188
670 6483 12 6521 10 1206
680 6493 10 6529 8 1224
690 6505 12 6540 11 1242

700 6517 12 6552 12 1260
710 6528 11 6562 10 1278
720 6540 12 6572 10 1296
730 6552 12 6583 11 1314
740 6564 12 6595 12 1332

750 6576 12 6605 10 1350
760 6588 12 6615 10 1368
770 6600 12 6627 12 1386
780 6612 12 6639 12 1404
790 6624 12 6650 11 1422

800 6638 14 20 42 203 6663 13 1440
850 6698 60 6720 57 1530
900 6756 58 21 38 209 6775 55 1620
950 6814 58 6832 57 1710

1000 6871 57 26 40 216 6887 55 1800

1050 6924 53 6938 51 1890
11CO 6977 53 24 42 226 6990 52 23 45 226 1980
1150 7029 52 7043 53. 2070
1200 7080 51 18 46 230 7089 46 22 45 234 2160
1250 7130 50 7139 50 2250

1300 7182 52 26 49 247 7190 51 28 54 250 2340
1350 7230 50 7238 48 2430
1400 7280 48 22 50 259 7286 48 23 50 258 2520
1450 7329 49 7335 49 2610
1500 7377 48 41 56 271 7384 49 40 55 271 2700

1550 7427 50 7434 50 2790
1600 7479 52 37 67 282 7486 52 36 67 281 2880
1650 7532 53 7537 51 2970
1700 7585 53 23 64 298 7589 52 22 64 296 3060
1750 7637 52 7640 51 3150

Table 1510.07 SPECIFIC HEAT AT CONSTANT PRESSURE (c in ft-lbF/slug OR) for
dry and moist air (Continued) F
(See Section 1500.3 for definition of residuals)



NAVORD REPORT 1488 (Volume 5) HANDBOOK OF SUPERSONIC AERODYNAMICS
1510.07-19 Properties of Gases 1 August 1953

10.0 Atmospheres Pressure 40.0 Atmospheres Pressure

c Residuals, for mole c Residuals, for mole

% moisture content % moisture content
T C A 0.1 1.0 5.0 c A 0.1 1.0 5.0 T(*x) __P (OR)

1600 7686 56 51 89 345 7685 52 41 72 328 3240
1850 7740 54 7738 53 3330
1900 7798 58 50 95 372 7793 55 51 85 349 3420
1950 7856 58 7846 53 3510
2000 7918 62 71 118 425 7901 55 49 94 378 3600

2050 7985 67 7961 60 3690
2100 8054 69 93 147 505 8023 62 72 119 439 3780
2150 8126 72 8083 60 3870
2200 8205 79 108 170 577 8145 62 90 145 499 3960
2250 8296 91 8213 68 4050

2300 8399 103 132 214 678 8287 74 101 172 557 4140
2350 8507 108 8366 79 4230
2400 8627 120 164 267 806 8449 83 129 204 642 4320
2450 8757 130 8536 87 4410
2500 8902 145 205 322 967 8830 94 161 247 754 4500

2550 9066 164 8732 102 4590
2600 9250 184 238 379 1143 8843 111 178 282 864 4680
2650 9451 201 8960 117 4770
2700 9671 220 263 438 1336 9089 129 196 320 982 4860
2750 9913 242 9230 141 4950

2800 10179 266 308 511 1595 9384 154 223 373 1136 5040
2850 10481 302 9549 165 5130
2900 10814 333 329 573 1865 9729 180 258 429 1322 5220
2950 11171 357 9925 196 5310
3000 11542 371 354 641 2165 10138 213 275 469 1511 5400

3100 12361 819 370 700 2530 10609 471 290 510 1710 5580
3200 13337 976 380 740 2900 11151 542 300 540 1930 5760
3300 14432 1095 380 790 3310 11771 620 300 580 2160 5940
3400 15588 1156 380 820 3710 12417 646 310 620 2350 6120
3500 16833 1245 360 820 4110 13112 695 300 630 2590 6300

3600 18161 1328 360 830 4510 13877 765 300 650 2850 6480
3700 19458 1297 380 840 4840 14682 805 310 660 3090 6660
3800 20656 1198 390 840 5110 15527 845 290 660 3380 6840
3900 21816 1160 370 850 5260 16473 946 270 650 3560 7020
4000 22789 973 380 850 5300 17407 934 300 650 3780 7200

4100 23649 860 410 860 5310 18394 987 290 690 4000 7380
4200 24384 735 430 850 5310 19342 948 310 700 4230 7560
4300 25041 657 410 840 5070 20232 890 320 700 4320 7740
4400 25783 742 360 840 4850 21124 892 320 720 4420 7920
4500 26576 793 380 780 4570 21902 778 340 730 4450 8100

4600 27496 920 370 730 4240 22639 737 360 720 4420 8280
4700 28604 1108 360 730 3950 23345 706 340 720 4450 8460
4800 30056 1452 310 590 3570 24080 735 350 710 4250 8640

Table 1510.07 SPECIFIC HEAT AT CONSTANT PRESSURE (c in ft-lbF /slug OR) for
dry and moist air (Continued) F
(See Section 1500.3 for definition of residuals)



1 August 1953 Specific Heat at Constant Pressure 1510.07-20

70.0 Atmospheres Pressure 100.0 Atmospheres Pressure

c Residuals, for mole c Residuals, for molcp p
% moisture content % moisture content

T c A 0.1 1.0 5.0 c 0.1 1.0 5.0 T
(K) P _ ( OR)

1800 7688 51 36 65 319 769? 52 15 63 315 3240
1850 7740 52 7743 51 3330
1900 7793 53 53 82 345 7796 53 53 80 341 3420
1950 7848 55 7849 53 3510
2000 7903 55 41 84 364 7904 55 39 80 358 3600

2050 7959 56 7961 57 3690
2100 8016 57 64 113 419 8018 57 60 109 408 3780
2150 83073 57 8071 53 3870
2200 8133 6C 86 143 475 8126 55 82 140 460 3960
2250 8196 63 8186 60 4050

2300 8263 67 95 158 521 8249 63 94 151 501 4140
2350 3334 71 8316 67 4230
2400 8406 72 120 183 595 3387 71 113 170 570 4320
2450 8481 75 8459 72 4410
2500 8560 79 140 222 688 8533 74 127 207 652 4500

2550 8644 84 8610 77 4590
2600 8733 89 162 249 783 8689 79 153 230 738 4680
2650 8828 95 8780 91 4770
2700 8931 103 176 285 879 8878 98 165 266 825 4860
2750 9046 115 8982 104 4950

2800 9168 122 191 332 1021 9092 110 172 308 960 5040
2850 9296 128 9205 113 5130
2900 9434 138 245 381 1157 9327 122 237 353 1062 5220
2950 9583 149 9461 134 5310
3000 9746 163 247 411 1286 9616 155 229 378 1154 5400

3100 10135 389 250 460 1450 9882 266 230 420 1300 5580
3200 10546 411 280 500 1650 10220 338 260 470 1480 5760
3300 11045 499 290 520 1840 10655 435 280 490 1660 5940
3400 115d2 537 L90 550 2030 11143 488 270 510 1860 6120
3500 12157 575 280 560 2230 11674 531 270 520 2050 6300

3600 12809 652 280 580 2440 12292 618 260 540 2250 6480
3700 13484 675 280 600 2630 12923 631 260 560 2420 6660
3800 14180 696 270 610 2870 13549 626 270 590 2640 6840
3900 14946 766 270 600 3070 14206 657 270 590 2850 7020
4000 15700 754 280 580 3230 14826 620 260 550 2940 7200

4100 16520 820 270 630 3450 15492 666 280 590 3140 7380
4200 17350 830 270 630 3620 16186 694 250 580 3250 7560
4300 18150 800 270 620 3770 16860 674 240 580 3410 7740
4400 18982 832 280 630 3930 17590 730 260 570 35',0 7920
4500 19754 772 300 660 4000 18312 722 280 600 3630 8100

4600 20495 741 320 670 4050 19028 716 290 630 3710 8280
4700 21216 721 310 650 4130 19751 723 280 590 3790 8460
4800 21925 709 340 680 4070 20465 714 320 620 3820 8640

Table 1519.07 SPECIFIC HEAT AT CONSTANT PRESSURE (c in ft-lbF /slug OR) for
dry and moist air (Concluded) F
(See Section 1500.3 for definition of residuals)



NAVORD REPORT 1488 (Volume 5) HANDBOOK OF SUPERSONIC AERODYNAMICS

1510.08-1 Properties of Gases 1 August 1953

1510.08 Ratio of Specific Heats

0.01 Atmosphere Pressure

T A T T y T
(OK) (OR) (OK) (OR)

50 1.4048 90 300 1&4000 - 2 540
60 1.4031 - 17 108 310 1*3997 - 3 558
70 1.4023 - 8 126 320 1e3993 - 4 576
80 1.4019 - 4 144 330 1.3990 - 3 594
90 1e4017 - 2 162 340 1.3986 - 4 612

100 1.4016 - 1 180 350 1*3981 - 5 630
110 1.4015 - 1 198 360 1.3976 - 5 648
120 1.4015 O 216 370 1.3970 6 666
130 1.4015 0 234 380 1.3964 - 6 684
140 1.401.5 0 252 390 1.3958 - 6 702

150 1.4014 - 1 270 400 1.3952 - 6 720
160 1.4014 0 288 410 1.3945 - 7 738
170 1.4014 0 306 420 1.3937 - 8 756
180 1.4014 0 324 430 1.3930 - 7 774
190 1.4013 - 1 342 440 1.3922 - 8 792

200 1.4013 0 360 450 1.3913 - 9 810
210 1.4013 0 378 460 1.3904 - 9 828
220 1.4012 - 1 396 470 1.3895 9 846
230 1.4011 - 1 414 480 1.3886 - 9 864
240 1.4011 0 432 490 1.3876 - 10 882

250 1.4009 - 2 450 500 1.3866 - 10 900
260 1.4008 - 1 468 510 1.3856 - 10 918
270 1a,006 - 2 486 520 1.3846 - 10 936
280 1.4004 - 2 5f,4 530 1.3835 - 11 954
290 1,4002 - 2 542 540 1b3824 - 11 972

Moisture residuals at 3000 K(5400 R)

Mole % moisture content 0.5 1.0 5.0

y Residuals 0.003 0.002 -0.005

Table 1510.08 RATIO OF SPECIFIC HEATS (y) for dry and moist air S
(See Section 1500.3 for definition of residuals)



1 August 1953 Ratio of Specific Heats 1510.08-2

0.01 Atmosphere Pressure

T Y T T Y T
(OK) (OR) ( 0 K) (OR)

5] - II q'w 600 io557 - 10 1440
560 1#3802 - 11 1003 650 1.3492 - 45 1530
570 1.3791 - 11 i026 k00 1i.444 - 46 1620
56... 1.3780 - 11 1044 050 1.340 - 4 1710
590 1.3769 - 11 1002 1000 1.336 - 4 1800

600 1.3757 - 12 10,0 1050 1.332 - 4 1890
610 i.3746 - 11 i0ý9 1100 1.329 - 3 1980
L520 1.3734 - 12 1116 115. 1#325 - 4 2070
0., 1,379q -- !1 -.13 1200 1.322 - 3 2160
640 1.3712 - 11 11i2 1250 1031I - 3 22.0

50 7 - 12 1170 1300 1.316 - 5 2340
6(0 !.3bs) - 1I 1a86 .L35G 1,315 - 3 2430

670 1,a-3677 - 12 i426 i400 1. 10 - 3 2520
630 103066 - 11 1224 i450 13057 -- 3 2U10
690 i.3055 - 11 1242 1500 1.304 - 3 2700

710 1.3643 - 1? 1.;60 1550 1.301 - 3 2760
71o 1.3632 - 11 1270 1600 1a2,. - 3 2680
720 1.3621 - ii 1G 1650 1.294 - 4 2970
730 1.3610 - 11 1314 i700 1.290 - 4 3060
74." 1i35 c - 1J. I 32 1750 1i1-c - 5 315

700 1#3530 - 10 15:0 1600 is260 - 3 3Ž40
7 6 1*3575 - 1 1360 1650 ia273 - 7 333U0 77.1 ,13563 - 1]. 1386 19g0 1.266 - 3420
7)0 1.3557 - I1 1404 125~ s.253 -11 3510
790 i.3547 - 10 1422 2000 i.243 -1 3000

G050 1.233 -3• 35 D
1 0 i.-'2 3 -10 3763

S Table 1510.08 RATIO OF SPECIFIC HEATS (y) for dry and moist air (Continued)
(See Section 1500.3 for definition of residuals)



NAVORD REPORT 1488 (Volume 5) HANDBOOK OF SUPERSONIC AERODYNAMICS
1510.08-3 Properties of Gases 1 August 1953

0.1 Atmosphere Pressure 0.4 Atmosphere Pressure
y Residuals, for mole y Residuals, for mole
% moisture content % moisture content

T y A 0.1 1.0 5.0 y 0.1 1.0 5.0 T
("K) (OR)

80 1.4058 144
go 1.4046 - 12 1.4139 162

100 1.4038 - 8 1.4108 - 31 180
110 1.4032 - 6 1.4087 - 21 198
120 1.4029 - 3 1.4073 - 14 216
130 1*4026 - 3 1*4063 - 10 234
140 1.4024 - 2 1.4055 - 8 252

150 1.4022 - 2 1.4049 - 6 270
160 1.4021 - 1 1.4044 - 5 288
170 1.4020 - 1 1.4040 - 4 306
180 1.4019 - 1 1.4036 - 4 324
190 1.4018 - 1 1*4033 - 3 342

200 1.4017 - 1 1*4030 - 3 360
210 1.4016 - 1 1.4028 - 2 378
220 1.4015 - 1 1.4026 - 2 396
230 1.4014 - 1 1.4024 - 2 414
240 1.4013 - 1 1.4022 - 2 432

250 1.4011 - 2 1.4020 - 2 450
260 1.4010 - 1 1,4017 - 3 468
270 1.4008 - 2 1.4014 - 3 486
280 1.4006 - 2 1.4012 - 2 504
290 1.4004 - 2 1.4009 - 3 522

300 1.4001 - 3 .000 .002 -. 002 1.4006 - 3 .000 .001 -. 003 540
310 1.3998 - 3 1o4003 - 3 558
320 1.3995 - 3 1*4000 - 3 576
330 1*3991 - 4 1.3995 - 5 594
340 1.3987 - 4 1.3990 - 5 612

350 1.3982 - 5 1.3985 - 5 630
360 1.3977 - 5 1*3980 - 5 648
370 1.3972 - 5 1.3975 - 5 666
380 103966 - 6 1.3969 - 6 684
390 1.3960 - 6 1.3962 - 7 702

400 1.3953 - 7 .000 .001 -*003 1.3956 - 6 .000 .001 -. 003 720
410 103946 - 7 1.3948 - 8 .738
420 1.3938 - 8 1.3941 - 7 756
430 1.3931 - 7 1.3933 - 8 774
440 1.3923 - 8 1.3925 - 8 792

450 1.3914 - 9 1.3916 - 9 810
460 1.3905 - 9 1.3907 - 9 828
470 1.3896 - 9 1.3898 - 9 846
480 1.3887 - 9 1.3887 - 11 864
490 1.3877 - 10 1*3878 - 9 882

500 1.3867 - 10 .000 .000 -e004 1.3868 - 10 .000 -. 000 -. 004 900
510 1.3357 - 10 1.3858 - 10 918
520 1.3846 - 11 1.3847 - 11 936
530 1.3836 - 10 1.3837 - 10 954
540 1.3825 - 11 1.3826 - 11 972

Table 1510.08 RATIO OF SPECIFIC HEATS (y) for dry and moist air (Continued)
(See Section 1500.3 for definition of residuals)



1 AuRust 1953 Ratio of Specific Heats 1510.08-40

0.7 Atmosphere Pressure 1.0 Atmosphere Pressure
y Residuals, for mole Y Residuals, for mole
% moisture content %*moisture content

T y 0.1 1.0 5.0 v 0.1 1.0 5.0 T(0K) ,___(OS)

90 1.4237 162

100 1.4182 - 55 180
110 1.4144 - 38 1.4202 198
120 1.4119 - 25 1.4166 - 36 216
130 1.4101 - 18 1.4139 - 27 234

140 1.4087 - 14 1.411g - 20 252

150 1.4076 - 11 1.4102 - 17 270
160 1.4067 - 9 1.4089 - 13 288
170 1.4060 - 7 1.4079 - 10 306
180 1.4054 - 6 1.4071 - 8 324
1g0 1.4048 - 6 1.4064 - 7 3242S342
200 1.4043 - 5 1.4057 - 7 360
210 1.4040 - 3 1.4053 - 4 378

220 1.4037 - 3 1.4048 - 5 394
230 1.4034 - 3 1.4044 - 4 414
240 1.4031 - 3 1.4040 - 4 432

250 1.4028 - 3 1.4036 - 4 450
260 1.4024 - 4 1.4032 - 4 468
270 1.4022 - 2 1.4029 - 3 486
280 1.4018 - 4 1.4024 - 5 504

290 1.4015 - 3 1.4020 - 4 522

300 1.4012 - 3 .000 .000 -. 003 1.4017 - 3 .000 -. 001 -e004 540
310 1.4008 - 4 1.4013 - 4 558
320 1.4004 - 4 1.4008 - 5 576
330 1.3999 - 5 1.4004 - 4 594
340 1.3994 - 5 1*3999 - 5 612

350 1.3989 - 5 1.3993 - 6 630
360 1.3984 - 5 1.3987 - 6 648
370 1.3978 - 6 1.3981 - 6 666
380 1.3972 - 6 103975 - 6 684
390 1.3965 - 7 1.3968 - 7 702

400 1.3958 - 7 .000 -. 000 -. 004 1.3961 - 7 .000 -0001 -. 004 720
410 1.3951 - 7 1.3953 - 8 738
420 1.3943 - 8 1.3946 - 7 756
430 1.3935 - 8 1.3938 - 8 774
440 1.3927 - 8 103929 - 9 792

450 1.3918 - 9 1.3920 9 810
460 1.3909 - 9 1.3911 - 9 828
470 1.3900 - 9 1.3901 - 10 846
480 1*3890 - 10 1.3892 " 9 864
490 1.3880 - 10 1.3881 - 11 882

500 1.3870 - 10 .000 -. 000 -*004 1.3871 - 10 .000 -. 001 -. 004 900
510 1.3859 - 11 1.3861 - 10 918
520 1.3849 - 10 1.3851 .- 10 936
530 1.3838 - 11 1.3840 - 11 954
540 1.3828 - 10 1.3829 - 11 972

rable 1510.08 RATIO OF SPECIFIC HEATS (y) for dry and moist air (Continued)(See Section 1500.3 for definition of residuals)



NAVORD REPORT 1488 (Volume 5) HANDBOOK OF SUPERSONIC AERODYNAMICS
1510.08-5 Properties of Gases 1 August 1953

I
0.1 Atmosphere Pressure 0.4 Atmosphere Pressurt

y Residuals, for mole y Residuals. for moit
% moisture conteat 'Z moisture content

T A 0.1 1.0 5.0 y -1 0.1 1.0 5.0 T
(OK) (OR)

550 1.3814 - Ii 1*3815 - 11 990
560 1.3803 - 11 1.3804 - 11 1008
570 1.3792 - 11 1.3793 - 11 1026
580 1.3780 - 12 1.3781 - 12 1044
590 1.3769 - 11 1.3770 - 11 1062

600 1.3758 - 11 -0001 -. 001 -a005 1.3758 - 12 -. 000 -. 001 -. 005 1080
610 1.3746 - 12 1.3747 - ii 1098
620 103735 - 11 1.3735 - 12 1116
630 1.3723 - 12 1.3724 - 11 1134
640 1.3712 - 11 1.3713 - 11 1152

650 103700 - 12 1.3701 - 12 1170

660 1.3689 - 11 1@3690 - 11 1188
670 1.3677 - 12 1.3678 - 12 1206
680 1.3666 - 11 1.3666 - 12 1224
690 103655 - 11 1.3655 - 11 1242

700 1.3644 - 11 .000 -. 002 -. 005 1.3644 - 11 -. 001 -. 001 -. 005 1260
710 1*3633 - 11 1.3633 - 11 1278
720 1.3622 - 11 1.3622 - 11 1296
730 1.3611 - 11 1.3611 - 11 1314
740 1.3600 - 11 1.3600 - 11 1332

750 1.3589 - 11 2.3589 - 11 1350
760 103579 - 10 1.3579 - 10 1368
770 1.3568 - 11 1.3568 - 11 1386
780 1.3558 - 10 1.3557 - 11 1404
790 1.3547 - 11 103548 - 9 1422

800 1.3537 - 10 -. 001 -0001 -. 005 1*3537 - 11 -. 000 -. 001 -. 005 1440
850 1.3492 - 45 1.349 - 5 1530
900 1.3444 - 48 0000 -. 001 -. 005 1.344 - 5 .000 -. 001 -@005 1620
950 1.340 - 4 1.340 - 4 1710

1000 1.336 - 4 -0001 -. 001 '-.006 1.336 - 4 -. 000 -. 002 -. 006 1800

1050 1.332 - 4 1.332 - 4 1890
1100 10329 - 3 -. 001 -. 002 -. 006 1.329 - 3 -. 001 -. 002 -.000 1980
1150 1.325 - 4 1.325 - 4 2070
1200 1.322 - 3 -. 001 -. 002 -. 007 1.322 - 3 -. 001 -. 002 -. 006 2160
1250 10319 - 3 1.319 - 3 2250

1300 1.316 - 3 -. 001 -. 002 -. 007 1.316 - 3 -0001 -. 001 -. 006 2340
1350 10313 - 3 1.313 - 3 2430
1400 1.310 - 3 -. 001 -. 001 -. 006 1.310 - 3 -. 001 -. 001 -. 006 2520
1450 1.307 - 3 1.307 - 3 2610
1500 1.304 - 3 -. 032 -. 001 -. 008 1.304 - 3 -. 000 -. 001 -. 007 2700

1550 1.302 - 2 1.302 - 2 2790
1600 1.299 - 3 -o002 -. 003 -. 008 lo299 - 3 -o002 -. 003 -. 008 2880
1650 1o296 - 3 1.296 - 3 2970
1700 1.292 - 4 -0000 -. 002 -. 010 1.293 - 3 -. 003 -. 004 -4010 3060
1750 1.289 - 3 1.290 - 3 3150

Table 1510.08 RATIO OF SPECIFIC HEATS (y) for dry and moist air (Continued) O
(See Section 1500.3 for definition of residuals)



1 August 1953 Ratio of Specific Heats 1510.08-60

0.7 Atmosphere Pressure 1.0 Atmosphere Pressure

y Residuals, for mole y Residuals, for mole
% moisture content % moisture content

T Y 0.1 1.0 5.0 A 0.1 1.0 5.0 T
(°K) ( 0R)

550 1*3817 - 11 1.3818 - 11 990
560 1.3805 - 12 103806 - 12 1008
570 1.3794 - 11 1.3795 - 11 1026
580 1.3782 - 12 1.3783 - 12 1044
590 1*3771 - 11 1*3782 - 11 1062

600 1.3759 - 12 .000 -. 001 -. 005 103760 - 12 .000 -. 001 -*005 1080
610 1.3748 - 11 1.3749 - 11 1098
620 1.3737 - 11 13737 - 12 1116
630 1.3725 - 12 1.3726 - 11 1134
640 1.3714 - 11 1.3714 - 12 1152

650 1.3702 - 12 1*3702 - 12 1170
660 1.3690 - 12 1.3691 - 11 1183
670 1.3679 - 11 1*3679 - 12 1206
680 1.3668 - 11 1*3668 - 11 1224
690 1*3656 - 12 1*3657 - 11 1242

700 1*3645 - 11 -. 001 -. 001 -. 005 1.3646 - 11 -s001 -. 001 -.005 1260
710 1.3634 - 11 1.3634 - 12 1278
720 1.3623 - 11 1.3623 - 11 1296
730 1.3612 - 11 1.3612 - 11 1314
740 1.3601 - 11 1*3601 - 11 1332

750 1.3590 - 11 1.3591 - 10 1350
760 1.3580 - 10 1.3580 - 11 1368
770 1.3569 - 11 1.3569 - 11 1366
780 1.3558 - 11 1.3559 - 10 1404
790 1.3548 - 10 1.3549 - 10 1422

800 1.3538 - 10 .000 -. 001 -. 005 1.3538 - 11 .000 -. 001 -@005 1440
850 1.349 - 5 1.349 - 5 1530
900 1.344 - 5 '000 -. 001 -. 005 1.345 - 4 .000 -. 001 -. 005 1620
950 1.340 - 4 1.340 - 5 1710

1000 1.336 - 4 -. 000 -. 002 -. 006 1.336 - 4 .000 -. 002 -. 006 1800

1050 1.332 - 4 1.332 - 4 1890
1100 1.329 - 3 -. 001 -. 002 -. 006 1.329 - 3 -. 001 -. 002 -. 006 1980
1150 1.325 - 4 1.325 - 4 2070
1200 1.322 - 3 -. 001 -e002 -. 006 1.322 - 3 -. 001 -. 002 -. 006 2160
1250 1.319 - 3 1.319 - 3 2250

1300 1.316 - 3 -. 001 -. 001 -. 006 1.316 - 3 -. 001 -. 001 -. 006 2340
1350 1*313 - 3 1.313 - 3 2430
1400 1.310 - 3 -. 001 -. 001 -. 006 1.310 - 3 -0001 -. 001 -#006 2520
1450 1.307 - 3 1.307 - 3 2610
1500 1.304 - 3 0000 -. 001 -. 006 !e304 - 3 .000 -. 001 -. 006 2700

1550 1.302 - 2 1.301 - 3 2790
1600 1.299 - 3 -. 001 -. 002 -. 008 1.299 - 2 -. 001 -*002 -. 008 2880
1650 1.296 - 3 1.296 - 3 2970
1700 1.293 - 3 -. 003 -e004 -. 010 1.293 - 3 -e003 -. 004 -. 009 3060
1750 1.291 - 2 1.291 - 2 3150

Table 1510.08 RATIO OF SPECIFIC HEATS (y) for dry and moist air (Continued)
(See Section 1500.3 for definition of residuals)



NAVORD REPORT 1488 (Volume 5) HANDBOOK OF SUPERSONIC AERODYNAMICS
1510.08-7 Properties of Gases 1 August 1953

0.1 Atmosphere Pressure 0.4 Atmosphere Pressure

y Residuals, for mole y Residuals, for mole
% moisture content % moisture content

T y A 0.1 1.0 5.0 'y 0.1 1.0 5.0 T
(OK) (OR)

1800 1*286 - 3 -*002 -. 004 -. 013 1.287 - 3 -s002 -. 004 -e012 3240
1850 1.282 - 4 1.284 - 3 3330
1900 1.277 - 5 -. 004 -. 006 -. 016 1.281 - 3 -. 003 -*005 -. 014 3420
1950 1.272 - 5 1.277 - 4 3510
2000 1.266 - 6 --. 005 -. 006 -. 018 1.272 - 5 -e004 -. 005 -o014 3600

2050 1.260 - 6 1.268 - 4 3690
2100 1.254 - 6 -e006 -. 009 -. 022 1.263 - 5 -. 004 -. 007 -. 017 3780
2150 1.247 - 7 1.258 - 5 3870
2200 1.239 - 8 -.007 -.009 -.023 1.253 - 5 -.005 -.007 -.018 3960
2250 1.231 - 8 1.248 - 5 4050

2300 1.222 - 9 -. 006 -. 008 -. 023 1.243 - 5 -. 006 -. 008 -. 022 4140
2350 1.214 - 8 1.236 - 7 4230
2400 1.206 - 8 -. 007 -. 009 -. 024 1.229 - 7 -. 006 -. 009 -e023 4320
2450 1.198 - 8 1.221 - 8 4410
2500 1.190 - 8 -. 004 -. 007 -. 019 1.214 - 7 -a005 -. 008 -. 021 4500

2550 1.184 - 6 1.207 - 7 4590
2600 1.178 - 6 -. 003 -. 005 -. 015 1.201 - 6 -s004 -. 006 -. 019 4680
2650 1.174 - 4 1.196 - 5 4770
2700 1.171 - 3 -s002 -.004 .0010 1"191 - 5 -*003 -*006 -*016 4840
2750 1.169 - 2 1.187 - 4 4950

2800 1.168 - 1 -. 000 -*002 -. 005 1.184 - 3 -. 003 -e005 -. 013 5040
2850 1.168 0 1.181 - 3 5130
2900 1.169 1 -'000 o001 .000 1.179 - 2 -. 001 -002 -o009 5220
2950 1o171 2 1.178 - 1 5310
3000 1.173 2 .001 e002 .005 1.178 0 -. 001 -. 001 -@004 5400

3100 1.178 5 .001 1.178 0 .000 -. 001 .000 5580
3200 1.183 5 1.182 4 .000 .000 .004 5760
3300 1.186 4 -. 000 .002 *008 5940
3400 1.191 5 o001 o001 .008 6120
3500 1.195 4 .001 *002 .010 6300

3600 1.198 3 .001 .001 *008 6480
3700 1.198 1 .001 *002 *009 6660
3800 1.198 - 1 .001 .001 *009 6840
3900 1.195 - 2 .001 *002 .007 7020
4000 1.192 - 3 .001 .004 .008 7200

4100 1.191 - 2 -. 001 .000 s005 7380
4200 1.190 - 1 -. 001 *000 .005 7560
4300 1.191 1 -.000 -.000 .003 7740
4400 1.193 2 .001 o000 .001 7920
4500 1e200 6 -e000 4000 -6000 8100

4600 1.207 8 -. 001 -a002 -@002 8280
4700 1.215 8 -. 000 .000 -. 001 8460
4800 1.225 10 -. 001 -. 000 -. 003 8640
4900 1.236 11 .001 -. 001 -. 007 8820
5000 1.249 12 .001 -. 003 -*012 9000

Table 1510.08 RATIO OF SPECIFIC HEATS (y) for dry and moist air (Continued)
(See Section 1500.3 for definition of residuals)



1 August 1953 Ratio of Specific Heats 1510.08-8

0.7 Atmosphere Pressure 1.0 Atmosphere Pressure

Y Residuals, for mole Y Residuals, for mole
% moisture content % moisture content

T Y 0.1 1.0 5.0 y A 0.1 1.0 5.0 T
0(K) (OR)

1800 1.288 - 3 -. 002 -. 004 -. 011 1.288 - 3 -. 002 -e003 -@010 3240
1850 1.285 - 3 1.285 - 3 3330
1900 1.281 - 4 -. 002 -e004 -. 013 1.282 - 3 -. 002 -e004 -. 012 3420
1950 1.277 - 4 1.278 - 4 3510
2000 1.273 - 4 -s003 -. 004 -. 013 1.274 - 4 -.003 -e004 -. 012 3600

2050 1.269 - 4 1.271 - 3 3690
2100 1.265 - 4 -. 003 -o006 -4016 1.267 - 4 -. 002 -. 005 -. 015 3780
2150 1.261 - 4 1&263 - 4 3870
2200 1.256 - 5 -. 004 -e006 -. 017 1.259 - 4 -. 003 -. 006 -e017 3960
2250 1.252 - 4 1.254 - 5 4050

2300 1.248 - 4 -. 006 -. 008 -. 020 1.249 - 5 -. 006 -. 008 -4019 4140
2350 1.242 - 6 1.244 - 5 4230
2400 1.235 - 7 -. 005 -. 008 -. 021 1.238 - 6 -. 004 -. 007 -. 020 4320
2450 1.229 - 6 1.233 - 5 4410
2500 1.223 - 6 -. 006 -. 008 -a022 1.227 - 6 -. 006 -. 008 -. 022 4500

2550 1.217 - 6 1.221 - 6 4590
2600 1.211 - 6 -e004 -*007 -. 020 1.215 - 6 -e004 -. 008 -. 020 4680
2650 1.205 - 6 1.210 - 5 4770
2700 1.200 - 5 -. 003 -e007 -. 018 1.205 - 5 -. 004 -. 007 -. 019 4860
2750 1.195 - 5 1.200 - 5 4950

2800 1.191 - 4 -. 004 -e005 -. 015 1.196 - 4 -. 004 -. 006 -. 015 5040
2850 1.188 - 3 1.192 - 4 5130
2900 1.185 - 3 -0001 -. 003 -. 012 1.189 - 3 -s002 -. 004 -. 013 5220
2950 1.183 - 2 1.187 - 2 5310
3000 1.181 - 2 -. 002 -. 002 -0009 1.185 - 2 -#002 -. 003 -. 011 5400

3100 1e181 0 -0000 -*002 -. 003 1.183 - 2 -. 001 -. 002 -. 005 5580
3200 1.182 1 .000 .000 .000 1.183 0 .000 .000 -. 002 5760
3300 1.185 3 .000 e002 .005 1.185 2 .000 .002 .002 5940
3400 1.190 5 .001 .001 e006 1.189 4 .001 .001 .005 6120
3500 1.194 4 .001 .002 .009 1.193 4 .001 .002 .008 6300

3600 1.198 4 .001 .01 0 008 1.198 5 .001 .001 .008 6480
3700 1.200 2 .001 .002 .010 1.201 3 .001 .002 .010 6660
3800 1.201 1 .001 v002 .010 1.203 2 .001 .002 .010 6840
3900 1.201 - 0 .001 .002 .009 1.204 1 .001 .002 .011 7020
4000 1.200 - 1 .001 e003 .009 1.204 - 0 .001 .002 .010 7200

4100 1.198 - 2 -400C .001 .007 1.203 - 1 .001 .001 .008 7380
4200 1.197 - 1 -. 000 .001 .007 1.202 - 1 .000 .001 .008 7560
4300 1.197 - 0 -.O00 .G01 .006 1.201 - 1 .000 .001 .007 7740
4400 1.197 - 0 .001 .001 .004 1.200 - 1 .001 .001 .006 7920
4500 1.200 3 -. 000 .001 .002 1.202 2 .000 .001 .004 8100

4600 1.205 5 -. 000 -. 001 .001 1.205 3 .000 .000 .003 8280
4700 1.211 6 -0000 -. 000 .001 1.210 5 .000 .000 .002 8460
4800 1.218 8 -. 000 -. 000 -. 301 1.216 6 .000 .000 .000 8640
4900 1.228 9 .000 -. 000 -8005 1.223 7 .000 .000 -@003 8820
5000 1.238 11 .001 -. 000 -.010 1.232 9 .000 .000 -. 007 9000

Table 1510.08 RATIO OF SPECIFIC HEATS (y) for dry and moist air (Continued)
(See Section 1500.3 for definition of residuals)



NAVORD REPORT 1488 (Volume 5) HANDBOOK OF Sl IISONIC AERODYNAMICS
1510.08-9 Properties of Gases 1 August 1953

1.0 Atmosphere Pressure 4.0 Atmospheres Pressure

y Residuals, for mole y Residuals, for mole
% moisture content % moisture content

T y 0.1 1.0 5.0 A 0.1 1.0 5.0 T
(°s) (°aR)

110 1.4202 1.4960 198
120 1.4166 - 36 1.4730 -230 216
130 1.4139 - 27 1.4578 -152 234
140 1.4119 - 20 1.4473 -105 252

150 1.4102 - 17 1.4393 - 80 270
160 1.4089 - 13 1.4338 - 55 288
170 1.4079 - 10 1.4290 - 48 306
180 1.4071 - 8 1.4253 - 37 324
190 1.4064 - 7 1.4222 - 31 342

200 1.4057 - 7 1.4197 - 25 360
210 1.4053 - 4 1.4177 - 20 378
220 1.4048 - 5 1.4158 - 19 396
230 1.4044 - 4 1.4143 - 15 414
240 1.4040 - 4 1.4129 - 14 432

250 1.4036 - 4 1.4118 - 11 450
260 1.4032 - 4 1.4107 - 11 468
270 1.4029 - 3 1.4097 - 10 486
280 1.4024 - 5 1.4087 - 10 504
290 1.4020 - 4 1.4078 - 9 522

300 1.4017 - 3 6000 -. 001 -. 004 1.4070 - 8 -. 002 -. 003 -. 005 540
310 1.4013 - 4 1.4062 - 8 558
320 1.4008 - 5 1.4053 - 9 576
330 1.4004 - 4 1.4045 - 8 594
340 1.3999 - 5 1.4038 - 7 612

350 1.3993 - 6 1.4030 - 8 630
360 1.3987 - 6 1.4022 - 8 648
370 1.3981 - 6 1.4014 - b 666
380 1.3975 - 6 1.4005 - 9 684
390 1.3968 - 7 1.3997 - 8 702

400 1.3961 - 7 .000 -. 001 -. 004 1:3987 - 10 -. 001 -. 002 -. 004 720
410 1.3953 - 8 1.3979 - 8 738
420 1.3946 - 7 1.3970 - 9 756
430 1.3938 - 8 1.3960 - 10 774
440 1.3929 - 9 1.3950 - 10 792

450 1.3920 - 9 1.3940 - 10 810
460 1.3911 - 9 1.3930 - 10 828
470 1.3901 - 10 1.3919 - 11 846
480 1.3892 - 9 1.3909 - 10 864
490 1.3881 - 11 1.3898 - 11 882

500 1.3071 - 10 .000 -. 001 -. 004 1.3887 - 11 -. 000 -. 001 -. 004 900
510 1.3861 - 10 1.3876 - 11 918
520 1.3851 - 10 1.3865 - 11 936
530 1.3840 - 11 1.3853 - 12 954
540 1.3829 - 11 1.3842 - 11 972

Table 1510.08 RATIO OF SPECIFIC HEATS (y) for dry and moist air (Continued)
(See Section 1500.3 for definition of residuals)



1 August 1953 Ratio of Specific Heats 1510.08-10

7.0 Atmospheres Pressure 10.0 Atmospheres Pressure

y Residuals, for mole y Residuals, for mole
% moisture content % moisture content

T y 0.1 1.0 5.0 y . 0.1 1.0 5.0 T(OK) (O°R)

110 1.6035 1*7672 198
120 1.5513 -522 1.6395 -1277 216
130 1.5139 -374 1.5740 -655 234
140 1.4901 -238 1*5350 -390 252

150 1.4734 -167 1.5084 -266 270
160 1.4614 -120 1.4896 -188 288
170 1.4521 - 93 1.4756 -140 306
180 1.4448 - 73 1o4648 -108 324
190 1.4391 - 57 1s4560 - 88 342

200 1.4344 - 47 l14489 - 71 360
210 1.4306 - 38 1.4437 - 52 378
220 1.4272 - 34 lo4389 - 48 396
230 1.4246 - 26 1.4348 - 41 414
240 1.4222 - 24 1.4313 - 35 432

250 1.4201 - 21 1.4284 - 29 450
260 1.4183 - 18 1.4259 - 25 468
270 1.4166 - 17 i*4236 - 23 486
280 1.4150 - 16 1.4214 - 22 504
290 1.4135 - 15 1.4194 - 20 522

300 1.4123 - 12 -. 003 -. 002 -s003 1.4177 - 17 -. 003 -. 001 -. 000 540
310 1.4111 - 12 1.4161 - 16 558
320 1.4100 - 11 144146 - 15 576
330 1.4089 - 11 1.4131 - 15 594
340 1.4077 - 12 1.4118 - 13 612

350 1.4067 - 10 1.4104 - 14 630
360 1.4056 - 11 1.4091 - 13 648
370 1.4046 - 10 1.4079 - 12 666
380 1.4036 - 10 1.4066 - 13 684
390 1.4025 - 11 1.4054 - 12 702

400 1.4014 - 11 -.001 -. 001 -. 003 1.4041 - 13 -. 001 -. 000 -e002 720
410 1&4004 - 10 1.4028 - 13 738
420 1.3994 - 10 1*4016 - 12 756
430 1.3982 - 12 1.4003 - 13 774
440 1.3972 - 10 1.3991 - 12 792

450 1.3960 - 12 1.3979 - 12 810

460 1.3949 - 1] 1o3967 - 12 826
470 1.3938 - 1i 1.3955 - 12 846
480 1.3926 - 12 1.3943 - 12 864
490 1.3914 - 12 1.3930 - 13 882

500 1#3903 - 11 -'000 -. OO -e003 1.3918 - 12 .000 .000 -. 003 900
510 1.3891 - 12 1.3906 - 12 918
520 1.3879 .- 12 1.3893 - 13 936
530 1.3866 - 13 1.3880 - 13 954
540 1.3854 - 12 1.3867 - 13 972

Table 1510.08 RATIO OF SPECIFIC HEATS (y) for dry and moist air (Continued)
(See Section 1500.3 for definition of residuals)



NAVORD REPORT 1488 (Volume 5) HANDBOOK OF SUPERSONIC AERODYNAMICS
1510.08-11 Properties of Gases 1 August 1953

1.0 Atmosphere Pressure 4.0 Atmospheres Pressure

y Residuals, for mole y Residuals, for mole
% moisture content % moisture content

T y 0.1 1.0 5.0 y a 0.1 1.0 5.0 T
(OK) (OR)

550 103818 - 11 1*3830 - 12 990
560 1.3806 - 12 1o3818 - 12 1008
570 1.3795 - 11 1.3806 - 12 1026
580 1.3783 - 12 1.3794 - 12 1044
590 1.3782 - 11 1o3762 - 12 1062

600 1.3760 - 12 0000 -. 001 -. 005 1.3770 - 12 -. 000 -. 001 -*004 1080
610 1.3749 - 11 1.3758 - 12 1098
620 1.3737 - 12 lo3746 - 12 1116
630 1*3726 - 11 1.3734 - 12 1134
640 1.3714 - 12 l13722 - 12 1152

650 1.3702 - 12 1.3710 - 12 1170
660 1.3691 - 11 1.3699 - 11 1188
670 1.3679 - 12 1.3687 - 12 1206
680 1.3668 - 11 1.3675 - 12 1224
690 1.3657 - 11 1.3664 - 11 1242

700 1.3646 - 11 -. 001 -. 001 -. 005 1.3652 - 12 .000 -. 001 -.005 1260
710 1.3634 - 12 1.3641 - 11 1278
720 1.3623 - 11 1.3629 - 12 1296
730 1.3612 - 11 1.3618 - 11 1314
740 1.3601 - 11 1.3607 - 11 1332

750 103591 - 10 1*3596 - 11 1350
760 1*3580 - 11 1.3585 - 11 1368
770 1.3569 - 11 1.3574 - 11 1386
780 1.3559 - 10 1.3564 - 10 1404
790 1.3549 - 10 1.3553 - 11 1422

800 1*3538 - 11 .000 -. 001 -. 005 1.3542 - 11 -*000 -. 001 -#005 1440
850 1.349 - 5 1.349 - 5 1530
900 1.345 - 4 '000 -0001 -. 005 1.345 - 4 .000 .000 -. 005 1620
950 10340 - 5 10340 - 5 1710

1000 1.336 - 4 0000 -s002 -. 006 1.336 - 4 -. 000 -o001 -. 005 1800

1050 1.332 - 4 1.332 - 4 1890
1100 1.329 - 3 -. 001 -. 002 -. 006 1*329 - 3 -. 001 -. 001 -. 006 1980
1150 1.325 - 4 1.325 - 4 2070
1200 1.322 - 3 -o001 -. 002 -. 006 1.322 - 3 -. 000 -. 001 -. 006 2160
1250 1.319 - 3 1.319 - 3 2250

1300, 1.316 - 3 -. 001 -. 001 -. 006 1.316 - 3 -. 001 -. 001 -. 006 2340
1350 1.313 - 3 1.313 - 3 2430
1400 1.310 - 3 -. 001 -. 001 -. 006 1.310 - 3 -.001 -. 001 -.006 2520
1450 l1307 - 3 1.307 - 3 2610
1500 1o3!4 - 3 .000 -. 001 -. 006 1.304 - 3 -o001 -o001 -. 006 2700

1550 -19301 - 3 1.301 - 3 2790
1600 1.299 - 2 -. 001 -9002 -. 008 1.299 - 2 -. 001 -. 002 -. 007 2880
1650 1*296 - 3 1.296 - 3 2970
1700 1.293 - 3 -o003 -*004 -o009 lo293 - 3 -. 001 -. 002 -e007 3060
1750 1.291 2 1.291 - 2 3150

Table 1510.08 RATIO OF SPECIFIC HEATS (y) for dry and moist air (Continued)
(See Section 1500.3 for definition of residuals)



1 August 1953 Ratio of Specific Heats 1510.08-12

7.0 Atmospheres Pressure 10.0 Atmospheres Pressure

y Residuals, for mole V Residuals, for mole
% moisture content % moisture content

T Y a 0.1 1.0 5.0 Y i 0.1 1.0 5.0 T
(°K) (°R)

550 1.3842 - 12 1.3854 - 13 990
560 1.3829 - 13 1.3840 - 14 1008
570 1.3817 - 12 1o3827 - 13 1026
580 1.3805 - 12 1.3814 - 13 1044
590 1.3792 - 13 103801 - 13 1062

600 1.3780 - 12 -e000 -. 000 -,004 1.3788 - 13 .000 -. 000 -. 004 1080
610 1.3768 - 12 1.3775 - 13 1098
620 1.3756 - 12 1.3763 - 12 1116
630 103743 - 13 1.3751 - 12 1134
640 1o3730 - 13 1.3739 - 12 1152

650 1*3719 - 11 1.3726 - 13 1170

660 103706 - 13 1.3714 - 12 1188
670 1.3694 - 12 1.3701 - 13 1206
680 1.3682 - 12 1o3688 - 13 1224
690 1.3670 - 12 1o3676 - 12 1242

700 1.3658 - 12 -.000 -. 001 -. 006 1.3664 - 12 -*001 -0001 -. 006 1260
710 1.3647 - 11 1.3652 - 12 1278
720 1.3635 - 12 1.3641 - 11 1296
730 1.3624 - 11 1.3629 - 12 1314
740 1.3613 - 11 1.3618 - 11 1332

750 1.3601 - 12 103606 - 12 1350
760 1o3590 - 11 lo3595 - 11 1368
770 1.3579 - 11 1*3583 - 12 1386
780 1.3568 - 11 1.3572 - 11 1404
790 1.3557 - 11 1.3561 - 11 1422

800 1.3547 - 10 -. 001 -. 001 -. 005 1.3550 - 11 -.001 -. 001 -. 005 1440
E50 1.3495 - 52 1.3499 - 51 1536
900 1.3448 - 47 .000 -0000 -. 005 1.3452 - 47 o000 -o000 -. 005 1620
950 1.3403 - 45 1*3406 - 46 1710

1000 1.3362 - 41 -. 000 -. 001 -. 005 1.3364 - 42 -*001 -. 001 -. 005 1800

1050 1.3324 - 38 1.3326 - 38 1890
1100 1.3286 - 38 -. 001 -. 001 -. 006 1.3288 - 38 -.001 -.001 -6005 1980
1150 1.3252 - 34 1.3254 - 34 2070
1200 1*3219 - 33 .000 -. 001 -. 006 1*3221 - 33 .000 -. 001 -@006 2160
1250 1.3187 - 32 1.3188 - 33 2250

1300 1.3156 - 31 -. 001 -. 001 -e006 1.3156 - 32 -9001 -. 001 -. 006 2340
1350 1.3127 - 29 1.3127 - 29 2430
1400 1.3098 - 29 -s001 -0001 -. 006 1.3098 - 29 -. 001 -. 001 -. 006 2520
1450 1o3070 - 28 1.3070 - 28 2610
1500 1.3042 - 28 -. 001 -0001 -. 006 1.3043 - 27 -. 001 -. 001 -. 006 2700

1550 1.301 - 3 1.302 - 2 2790
1600 1.299 - 2 -. 001 -,002 -s007 1s299 - 3 -6001 -. 002 -e007 2880
1650 1.296 - 3 1.296 - 3 2970
1700 1.293 - 3 .000 -. 001 -. 007 1.293 - 3 .001 -. 000 -. 007 3060
1750 1.290 - 3 1*290 - 3 3150

Table 1510.08 RATIO OF SPECIFIC HEATS (y) for dry and moist air (Continued)
(See Section 1500.3 for definition of residuals)



NAVORD REPORT 1488 (Volume 5) HANDBOOK OF SUPERSONIC AERODYNAMICS
1510.08-13 Properties of Gases 1 August 1953

1.0 Atmosphere Pressure 4.0 Atmospheres Pressure

y Residuals, for mole y Residuals, for mole
% moisture content % moisture content

T y 0.1 1.0 5.0 y A 0.1 1.0 5.0 T
(OX) (°R)

1800 1.288 - 3 -*002 -0003 -. 010 1.288 - 3 -.001 -0001 -&009 3240
1850 1.285 - 3 1.286 - 2 3330
1900 1.282 - 3 -#002 -. 004 -. 012 1.283 - 3 -. 002 -*003 -.011 3420
1950 1.278 - 4 1.280 - 3 3510
2000 1*274 - 4 -. 003 -. 004 -*012 1&277 - 3 -o003 -. 004 -. 011 3600

2050 1.271 - 3 1.274 - 3 3690
2100 '1.267 - 4 -. 002 -. 005 -. 015 1.271 - 3 -. 002 -. 004 -013 3780
2150 1.263 - 4 1.268 - 3 3870
2200 1.259 - 4 -. 003 -. 006 -*017 1.265 - 3 -*004 -. 006 -#015 3960
2250 1.254 - 5 1*261 - 4 4050

2300 1*249 - 5 -. 006 -. 008 -. 019 1.257 - 4 -@004 -. 006 -s016 4140
2350 1.244 - 5 1.253 - 4 4230
2400 1.238 - 6 -. 004 -*007 -*020 1*249 - 4 -a004 -*007 -s018 4320
2450 1*233 - 5 1.245 - 4 4410
2500 1*227 - 6 -. 006 -0008 -. 022 1.241 - 4 -@006 -. 007 -. 020 4500

2550 1.221 - 6 1.237 - 4 4590
2600 1a215 - 6 -. 004 -. 008 -. 020 1.232 - 5 -e004 -. 008 -. 019 4680
2650 1.210 - 5 1.228 - 4 4770
2700 1.205 - 5 -. 004 -. 007 -. 019 1*224 - 4 -. 005 -. 007 -. 020 4860
2759 1.200 - 5 1.219 - 5 4950

2800 1.196 - 4 -. 004 -. 006 -0015 1.215 - 4 -*004 -*007 -. 018 5040
2850 1.192 - 4 1.211 - 4 5130
2900 1.189 - 3 -. 002 -. 004 -. 013 1s207 - 4 -@002 -. 006 -. 017 5220
2950 1.187 - 2 1.204 - 3 5310
3000 1.185 - 2 -. 002 -. 003 -. 011 1*201 - 3 -*003 -. 005 -*017 5400

3100 1.183 - 2 -. 001 -. 002 -e005 1*196 - 5 -. 001 -. 004 -e012 5580
3200 1.183 0 .000 .000 -*002 1.192 - 4 -. 001 -. 002 -*00 5760
3300 1.185 2 .000 .002 .002 1.191 - 1 -. 001 -. 001 -*007 5940
3400 1.189 4 .001 .001 .005 1.192 1 .001 .000 -*003 6120
3500 1.193 4 .001 .002 .008 1.194 2 -. 000 .000 -. 001 6340

3600 1.198 5 .001 .001 *008 1.197 3 -. 000 -0000 .002 6480
3700 1.201 3 .001 .002 .010 1o200 3 .001 .002 o006 6660 0
3800 1.203 2 .001 .002 .010 1.204 4 .001 .002 .007 6840
3900 1.204 1 .001 o002 .011 1*208 4 .001 .002 &009 7020
4000 1.204 - 0 f001 .002 .010 1.211 3 .001 .001 e010 7200

4100 1.203 - 1 .001 .001 .008 1.213 2 .002 .002 .010 7380
4200 1o202 - 1 .000 .001 .008 1.215 1 9002 .002 o011 7560
4300 1.201 - 1 0000 .001 .007 1.216 1 .001 .003 *011 7740
4400 1.200 - I .00l .001 *006 1.215 - 1 .001 .002 .011 7920
4500 1.202 2 .000 .001 .004 1.215 - 0 .001 .002 .010 8100

4600 1.205 3 .000 .000 *003 1.215 - 0 .002 .003 .010 8280
4700 1.210 5 .000 .000 .002 1.215 1 .001 .002 .008 8460
4800 1.216 6 .000 .000 .000 1.216 1 .001 .001 .007 8640
4900 1.223 7 0000 .000 -. 003 1.217 1 -. 000 -. 000 .006 8820
5000 1.232 9 .000 .000 -. 007 1*219 2 -e000 -0000 o004 9000

Table 1510.08 RATIO OF SPECIFIC HEATS (y) for dry and moist air (Continued)
(See Section 1500.3 for definition of residuals)



1 August 1953 Ratio of Specific Heats 1510.08-14

7.0 Atmospheres Pressure 10.0 Atmospheres Pressure

y Residuals, for mole y Residuals, for mole
% moisture content % moisture content

T Y 0.1 1.0 5.0 1 0.1 1.0 5.0 T
O
0

K) (OR)

1800 1.288 - 2 -. 001 -. 001 -0008 1.288 - 2 -0001 -. 001 -.006 3240
1850 1.286 - 2 1.2$6 - 2 3330
1900 1.283 - 3 -e002 -. 003 -. 010 1.283 - 3 -. 002 -. 003 -. 010 3420
1950 1.281 - 2 1.281 - 2 3510
2000 1.278 - 3 -. 003 -. 004 -. 011 1.278 - 3 -. 003 -. 004 -. 011 3600

2050 1.275 - 3 1.275 - 3 3690
2100 1.272 - 3 -. 002 -. 004 -. 012 1.272 - 3 -e002 -e004 -. 012 3780
2150 1.270 - 2 1.270 - 2 3870
2200 1.267 - 3 -. 004 -. 006 -. 014 1.267 - 3 -. 004 -e006 -. 014 3960
225C 1.263 - 4 1.264 - 3 4050

2300 1.259 - 4 -. 003 -. 005 -. 014 1.260 - 4 -e003 -. 005 -. 014 4140
2350 1*256 - 3 1.257 - 3 4230
2400 1.253 - 3 -o005 -. 007 -#017 1.254 - 3 -,005 -. 007 -a017 4320
2450 1.249 - 4 1*251 - 3 4410
2500 1.245 - 4 -e005 -. 006 -. 019 1.247 - 4 -. 005 -. 006 -. 018 4500

2550 1.241 - 4 1.244 - 3 4590
2600 1.237 - 4 -,004 -. 007 -. 019 1.240 - 4 -6004 -*007 -*018 4680
2650 1.234 - 3 1.237 - 3 4770
2700 1.230 - 4 -0005 -. 007 -0019 1.233 - 4 -*005 -*007 -*018 4840
2750 1.226 - 4 1.230 - 3 4950

2800 1.222 - 4 -. 004 -. 007 -. 019 1.226 - & '-004 -. 007 -@019 5040
2850 1.218 - 4 1.222 - 4 5130
2900 1.214 - 4 -. 003 -. 006 -. 018 1.218 - 4 -a003 -*006 -*018 5220
2950 1.211 - 3 1*215 - 3 5310
3000 1.208 - 3 -. 003 -. 005 -. 017 1.212 - 3 -000. -. 005 -. 017 5400

3100 1.202 - 6 -. 002 -. 004 -9014 1.206 - 6 -. 002 -. 005 -e015 5580
3200 1.198 - 4 -'001 -. 003 -. 011 1.202 - 4 -. 002 -*004 -*013 5760
3300 1.196 - 2 -. 001 -. 003 -. 010 1.200 - 2 -. 002 -. 004 -s011 5940
3400 1.195 - 1 0000 -. 001 -. 006 1.197 - 3 -. 001 -. 001 -. 007 6120
3500 1.196 1 -. 001 -. 001 -. 004 1.198 1 -0001 -. 002 -. 007 6300

3600 1.198 2 -0000 -. 001 -. 001 1.199 1 .000 -. 001 -. 003 6480
3700 1,200 2 e001 .001 .003 1.200 1 *001 *001 e001 6660
3800 1.204 4 .000 .001 .004 1e204 4 .000 *000 o002 6640
3900 1.208 4 6001 .002 .007 1.207 3 ,000 .001 e005 7020
4000 1.211 3 6001 ,002 .008 1.211 4 .001 .002 .006 7200

4100 1.214 3 .002 e002 .009 1.214 3 .001 *002' .008 7380
4200 1.217 3 o002 .002 .010 1.217 3 9002 .001 *010 7560
4300 1.219 2 .001 .003 .011 1.220 Z .001 *003 .010 7740
4400 1.220 1 .001 *002 .012 1.221 2 ,001 *002 .011. 7920
4500 1.220 0 .001 .002 .012 1.222 1 .002 .003 .012 8100

4600 1.220 0 .002 .003 .011 1.223 1 .002 .003 .011 8280
4700 1.220 0 .001 .002 .010 1.224 0 .001 4 0 03 .012 8460
4800 1.221 1 .001 .001 .009 1.224 0 .001 *002 s010 8640
4900 1.221 0 .000 .000 .008 1.224 0 .001 *000 .010 8820
5000 1.221 0 '000 .000 .008 1.224 - 0 .001 .000 .009 9000

Table 1510.08 RATIO OF SPECIFIC HEATS (y) for dry and moist air (Continued)
(See Section 1500.3 for definition of residuals)



NAVORD REPORT 1488 (Volume 5) HANDBOOK OF SUPERSONIC AERODYNAMICS
1510.08-15 Properties of Gases 1 August 1953

10.0 Atmospheres Pressure 40.0 Atmospheres Pressure

y Residuals, for mole y Residuals, tot mole
% moisture content % moisture content

T y a 0.1 1.0 5.0 y 0.1 1.0 5.0 T
(OK) (OR)

110 1.7672 198
120 1.6395 -1277 216
130 1.5740 -655 234
140 1.5350 -390 252

150 1.5084 -266 207372 270
160 1.4896 -188 2e1166 -6204 288
170 1.4756 -140 1.8886 -2282 306
180 1.4648 -108 1.7678 -1208 324
190 1.4560 - 88 1.6922 -756 342

200 1.4489 - 71 1.6418 -504 360
210 1.4437 - 52 1.6026 -392 378
220 1.4389 - 48 1.5740 -286 396
230 1.4348 - 41 1.5515 -225 414
240 1.4313 - 35 1.5334 -181 432

250 1.4284 - 29 1.51.85 -149 450
260 1.4259 - 25 1.5062 -123 468
270 1.4236 - 23 1.4956 -106 486
280 1.4214 - 22 1.4865 - 91 504
290 1.4194 - 2C 1.4786 - 79 522

300 1.4177 - 17 -. 003 -. 001 -. 000 1.4717 - 69 540
310 1.4161 - 16 1.4658 - 59 558
320 1.4146 - 15 1.4603 - 55 576
330 1.4131 - 15 1.4553 - 50 594
340 1.4118 - 13 1.4507 - 46 612

350 1.4104 - 14 1.4465 - 42 630
360 1.4091 - 13 1.4429 - 36 648

370 1.4079 - 12 1.4394 - 35 666
380 1.4066 - 13 1.4361 - 33 684
390 1.4054 - 12 1.4329 - 32 702

400 1.4041 - 13 -. 001 -. 000 -. 002 1.4g99 - 30 720
410 1.4028 - 13 1.4273 - 26 738
420 1.4016 - 12 1.4246 - 27 756
430 1.4003 - 13 1.4220 - 26 774
440 1.3991 - 12 1.4194 - 26 792

450 1.3979 - 12 1.4168 - 26 810
460 1.3967 - 12 1.4148 - 20 828
470 1.3955 - 12 1.4127 - 21 846
480 1.3943 - 12 1.4106 - 21 864
490 1.3930 - 13 1.4086 - 20 882

500 103918 - 12 .000 .000 -. 003 1.4065 - 21 .001 .001 .001 900
510 1.3906 - 12 1.4046 - 19 918
520 1.3893 - 13 1.4027 - 19 936
530 1.3880 - 13 1.4008 - 19 954
540 1.3867 - 13 1.3988 - 20 972

Table 1510.08 RATIO OF SPECIFIC HEATS (y) for dry and moist air (Continued)
(See Section 1500.3 for definition of residuals)



1 August 1953 Ratio of Specific Heats 1510.08-16

70.0 Atmospheres Pressure 100.0 Atmospheres Pressure

y Residuals, for mole y Residuals, for mole
% moisture content ¶ moisture content

T y 0.1 1.0 5.0 Y A 0.1 1.0 5.0 T
(OK) _ (*R)

180 203139 324
190 2.0467 -2672 342

200 1s9000 -1467 2.1376 360
210 1.7995 -1005 1.9802 -1574 378
220 1.7318 -677 1.8769 -1033 3.96
230 1.6818 -50O 1.8012 -757 414
240 1.6434 -384 1.7439 -573 432

250 1,6130 -304 1.6990 -449 450
260 1.5885 -245 1.6631 -359 468
270 1.5683 -202 1.6339 -292 486
280 1.5511 -172 1.6094 -245 504
290 1.5365 -146 1.5887 -207 522

300 1.5240 -125 1.5711 -176 540
310 1.5132 -10E 1o5559 -152 558
320 1.5035 - 97 1.5425 -134 576
330 1.4948 - 87 1.5307 -118 594
340 1.4871 - 77 1.5202 -105 612

350 1.4804 - 67 1.5109 - 93 630
360 194742 - 62 1.5024 - 85 648
370 lo4685 - 57 l.4947 - 77 666
380 1.4632 - 53 1o4878 - 69 684
390 1.4583 - 49 1.4813 - 65 702

400 1.4537 - 46 1.4752 - 61 720
410 1.4492 - 45 1.4693 - 59 738
420 1.4449 - 43 1.4638 - 55 756
430 1.4412 - 37 1.4588 - 50 774
440 1.4376 - 36 1.4541 - 47 792

450 1.4342 - 34 1.4498 - 43 810
460 1.4312 - 30 1.4461 - 37 828
47C 1.4283 - 29 1.4425 - 36 846
480 1.4252 - 31 1.4389 - 36 864
490 1.4224 - 28 1.4355 - 34 882

500 1#4199 - 25 1.4321 - 34 900
510 1.4172 - 27 1.4289 - 32 918
520 1.4148 - 24 1.4258 - 31 936
530 1.4122 - 26 1.4227 - 31 954
540 1.4098 - 24 1.4198 - 29 972

Table 1510.08 RATIO OF SPECIFIC HEATS (y) for dry and moist air (Continued)
(See Section 1500.3 for definition of residuals)



NAVORD REPORT 1488 (Volume 5) HANDBOOK OF SUPERSONIC AERODYNAMICS
1510.08-17 Properties of Gases 1 August 1953 0

10.0 Atmospheres Pressure 40.0 Atmospheres Pressure

y Residuals, for iuole y Residuals, for mole
% moisture content % moisture contentT y 0.1 1.0 5.0 v 0.1 1.0 5.0 T(°K) __ (R)

550 1.3854 - 13 1.3969 - 19 990
560 1.3840 - 14 1.3952 - 17 1008
570 1.3827 - 13 1.3934 - 18 1026
580 1.3814 - 13 1o3917 - 17 1044
590 1.3801 - 13 1.3899 - 18 1062

600 1.3788 - 13 .000 -.000 -. 004 1.3882 - 17 -. 000 -. 001 -. 005 1080
610 1.3775 - 13 1.3866 - 16 1098
620 1.3763 - 12 1.3850 - 16 1116
630 1.3751 - 12 1@3834 - 16 1134
640 1.3739 - 12 103817 - 17 1152

650 1.3726 - 13 1.3801 - 16 1170
660 1.3714 - 12 1.3785 - 16 1188
670 1.3701 - 13 1.3770 - 15 1206
680 1.3688 - 13 1.3755 - 15 1224
690 1.3676 - 12 103740 - 15 1242

700 1.3664 - 12 -. 001 -. 001 -. 006 1.3725 - 15 -s002 -. 001 -. 006 1260
710 1.3652 - 12 1.3712 - 13 1278
720 1.3641 - 11 1*3698 - 14 1296
730 1.3629 - 12 1.3685 - 13 1314
740 1.3618 - 11 1.3671 - 14 1332

750 1.3606 - 12 1.3658 - 13 1350
760 1.3595 - 11 1.3645 - 13 1368
770 1.3583 - 12 1.3632 - 13 1386
780 1.3572 - 11 1.3619 - 13 1404
790 1o3561 - 11 1.3606 - 13 1422

800 1.3550 - 11 -*001 -.001 -. 005 1.3593 - 13 -. 001 -. 001 -. 005 1440
850 1.3499 - 51 1*353.1 - 62 1530
900 1.3452 - 47 .000 -0000 -. 005 103480 - 50 .000 -. 002 -s005 1620
950 1.3406 - 46 1.3430 - 50 1710

1000 1.3364 - 42 -. 001 -. 001 -. 005 1.3386 - 40 -0001 -. 002 -. 007 1800

1050 1*3326 - 38 1.3344 - 42 1890
1100 1.3288 - 38 -. 001 -0001 -6005 1o3303 - 41 .000 -. 001 -. 005 1980
1150 1.3254 - 34 1.3267 - 36 2070
1200 1.3221 - 33 .000 -0001 -s006 1o3232 - 35 -. 000 -*001 -. 006 2160
1250 1.3188 - 33 1*3198 - 34 2250

1300 1*3156 - 32 -. 001 -. 001 -*006 1.3165 - 33 o000 -. 001 -. 006 2340
1350 1.3127 - 29 1*3135 - 30 2430
1400 1.3098 - 29 -. 001 -. 001 -. 006 1.3106 - 29 -. 001 -. 001 -. 006 2520
1450 1.3070 - 28 1.3076 - 30 2610
1500 1.3043 - 27 -. 001 -. 001 -. 006 103047 - 29 .001 -. 001 -. 006 2700

15.50 1.302 - 2 1.303 - 2 2790
1600 1.299 - 3 -. 001 -. 002 -. 007 1.301 - 2 -.001 -. 002 -. 007 2880
1650 1.296 - 3 1.298 - 3 2970
1700 1.293 - 3 .001 -. 000 -*007 1.294 - 4 -. 000 -. 001 -. 007 3060
1750 1.290 - 3 1.291 - 3 3150

Table 1510.08 RATIO OF SPECIFIC HEATS (y) for dry and moist air (Continued)
(See Section 1500.3 for definition of residuals)



I August 1953 Ratio of Specific Heats 1510.08-18

70.0 Atmospheres Pressure 100.0 Atmospheres Pressure

y Residuals, for mole y Residuals, for mole
% moisture content % moisture content

T Y • 0.1 1.0 5.0 Y a 0.1 1.0 5.0 T
(OR) ( SR)
550 1.4073 - 25 1,4170 - 28 990
560 1,4051 - 22 1.4142 - 28 1008
570 1*4029 - 22 1.4116 - 26 1026
580 1.4008 - 21 1.4090 - 26 1044
590 103987 - 21 1.4065 - 25 1062

600 1.3967 - 20 1.4041 - 24 1080
610 123947 - 20 1.4018 - 23 1098
620 1.3927 - 20 1.3995 - 23 1116
630 103907 - 20 103973 - 22 1134
640 1&3888 - 19 1.3951 - 22 1152

650 1.3869 - 19 103931 - 20 1170
660 103850 - 19 203910 - 21 ilea670 1:3833 - 17 103890 - 20 '1206

680 1.3816 - 17 1.3870 - 20 1224
690 13800 - 16 1.3851 - 19 .1242

700 1.3783 - 17 103832 - 19 1260
710 1*3766 - 17 1*3814 - 18 1278
720 1*3750 - 16 1.3796 - 18 1296
730 1.3734 - 16 1*3778 - 18 1314
740 1.3718 - 16 1.3761 - 17 1332

750 1.3703 - 15 1.3745 - 16 1350
760 1.3688 - 15 1.3729 - 16 1368
770 1.3673 - 15 1.3713 - 16 1386
780 1.3659 - 14 1.3697 - 16 1404
790 1.3645 -'14 1.3681 - 16 1422

800 1.3631 - 14 -. 000 -. 001 -. 005 1.3665 - 16 1440
850 1.3566 - 65 1.3595 - 70 1530
900 1.3506 - 60 .000 -. 001 -. 006 1.3533 - 62 1620
950 1.3454 - 52 1.3476 - 57 1710

1000 1.3406 - 48 -#001 -. 001 -. 007 1.3423 - 53 1800

1050 1.3362 - 44 1.3378 - 45 1890
1100 1.3319 - 43 -e000 -. 001 -e*•6 1.3333 - 45 -. 001 -. 001 -. 007 1980
1150 1.3281 - 38 1.3293 - 40 2070
1200 1.3243 - 38 -s000 -. 001 -. 006 1.3254. - 39 -;000 -. 001 -. 006 2160
1250 1.3208 - 35 1.3217 - 37 2250

1300 1.3174 - 34 .001 -. 001 -e006 1.3181 - 36 .000 -. 001 -. 006 2340
1350 1.3142 - 32 1.3149 - 32 2430
1400 1.3111 - 31 -. 001 -. 001 -. 006 1*3117 - 32 -. 001 -e002 -*007 2520
1450 1.3081 - 30 103086 r 31 2610
1500 1.3052 - 29 .001 -. 001 -. 006 1.3056 - 30 .001 -. 001 -*006 2700

1550 1.303 - 2 1.304 - 2 2790
1600 1.302 - 1 -. 001 -. 001 -e007 1.303 - 1 -. 000 -0001 -@007 2880
1650 1.299 - 3 1.300 - 3 2970
1700 1.296 - 3 -. 001 -. 002 -. 008 1.297 - 3 -. 002 -. 002 -. 008 3060
1750 1.293 - 3 1*294 - 3 3150

Table 1510.08 RATIO OF SPECIFIC HEATS (,y) for dry and moist air (Contiaued)
(See Section 1500.3 for definition of residuals)



NAVORD REPORT 1488 (Volume 5) HANDBOOK OF SUPERSONIC AERODYNAMICS
1510.08-19 Properties of Gases 1 August 1953

10.0 Atmospheres Pressure 40.0 Atmospheres Pressure

y Residuals, for mole y Residuals, for mole
% moisture content % moisture content

T y A 0.1 1.0 5.0 4 0.1 1.0 5.0 T(OK) (*R)

1800 1.288 - 2 -. 001 -. 001 -0008 1.289 - 2 -.001 -0002 -. 007 3240
1850 1.236 - 2 1.286 - 3 3330
1900 1.283 - 3 -. 002 -e003 -. 010 1.284 - 2 -. 001 -. 002 -. 008 3420
1950 1.281 - 2 1.281 - 3 3510
2000 1.278 - 3 -.003 -o004 -. 011 1.279 - 2 -. 002 -9003 -. 009 3600

2050 1.275 - 3 1.277 - 2 3690
2100 1.272 - 3 -. 002 -#004 -*012 1.274 - 3 -*002 -*003 -. 010 3780
2150 1.270 - 2 19272 - 2 3870
2200 1.267 - 3 -. 004 -. 006 -. 014 1*269 - 3 -*003 -e004 -. 011 3960
2250 1.264 - 3 1*267 - 2 4050

2300 1.260 - 4 -. 003 -. 005 -. 014 1.264 - 3 -.003 -. 004 -. 012 4140
2350 1.257 - 3 0 1.262 - 2 4230
2400 1.254 - 3 -. 005 -. 007 -s017 1.259 - 3 -. 003 -. 005 -#013 4320
2450 1.251 - 3 1.256 - 3 4410
2500 1.247 - 4 -. 005 -. 006 -. 018 1.253 - 3 -a004 -0006 -. 015 4500

2550 1.244 - 3 1.250 - 3 4590
2600 1.240 - 4 -,004 -*007 -6018 1.248 - 2 -&004 -*006 -. 015 4680
2650 1.237 - 3 1.246 - 2 4770
2700 1.233 - 4 -,005 -e007 -. 018 1.243 - 3 -. 004 -*006 -. 016 4860
2750 1.230 - 3 1.240 - 3 4950

2800 19226 - 4 -a004 -*007 -. 019 1.237 - 3 -@004 -e006 -o017 5040
2850 1.222 - 4 1.234 - 3 5130
2900 1.218 - 4 -. 003 -. 006 -. 018 1.232 - 2 -e004 -9006 -&017 5220
2950 1.215 - 3 1.229 - 3 5310
3000 1.212 - 3 -. 003 -. 005 -. 017 1.226. - 3 -*004 -. 006 -. 017 5400

3100 1.206 - 6 -. 002 -. 005 -*015 1.222 - 4 -*004 -*006 -a016 5580
3200 1.202 - 4 -. 002 -. 004 -. 013 1*217 - 5 -. 003 -0005 -. 015 5760
3300 1*200 - 2 -. 002 -. 004 -. 011 1.213 - 4 -s002 -*004 -. 014 5940
3400 1.197 - 3 -. 001 -. 001 -*007 1.210 - 3 -. 002 -. 002 -*013 6120
3500 1.198 1 -. 001 -. 002 -. 007 1.208 - 2 -*001 -. 003 -*011 6300

3600 1.199 1 .000 -. 001 -*003 1*207 - 1 -*000 -9002 -. 010 6480
3700 1.200 1 0001 .0001 001 1.206 1 -. 000 -. 001 -. 007 6840
3800 1.204 4 .000 .000 .002 1.207 1 -. 000 -000 -*005 6840
3900 1.207 3 0000 .001 .005 1.208 1 -. 000 .000 -. 002 7020
4000 1.211 4 *001 e002 .006 1.210 2 .001 .000 -e001 7200

4100 1.214 3 .001 *002 .008 1.212 2 .001 e002 .002 7380
4200 1.217 3 *002 .001 .010 1.216 4 .000 .000 *004 7560
4300 1.220 2 .001 .003 .010 1.219 3 .001 .001 .006 7740
4400. 1.221 2 .001 *002 .011 1.223 4 *001 .002 .007 7920
4500 1.222 1 .002 .003 *012 1.226 3 .002 .003 .010 8100

4600 1.223 1 *002 .003 .011 1.230 4 .001 .001 *009 8280
4700 1.224 0 .001 .003 .012 1.232 2 .001 .002 .012 8460
4800 1.224 0 *001 .002 .010 1.234 2 .001 .002 .011 8640
4900 1.224 0 .001 .000 .010 1.236 2 .000 .001 .011 8820
5000 1.224 0 .001 .000 .009 1.238 2 -*000 .001 .011 9000

Table 1510.08 RATIO OF SPECIFIC HEATS (y) for dry and moist air (Continued)
(See Section 1500.3 for definition of residuals)



1 August 1953 Ratio of Specific Heats 1510.08-20

70.0 Atmospheres Pressure 100.0 Atmospheres Pressure

y Residuals, for mole y Residuals, for mole
% moisture content % moisture content

T v A 0.1 1.0 5.0 y . 0.1 1.0 5.0 T
(°K) (°R)

1800 1.290 - 3 -. 001 -. 003 -e007 1.291 - 3 -. 001 -e003 -4007 3240
1850 1#287 - Y 1.288 - 3 3330
1900 1.285 - 2 -. 000 -. 002 -o007 1.286 - 2 -. 000 -. 001 -. 007 3420
1950 1.282 - 3 1.283 - 3 3510
2000 1.280 - 2 -. 001 -. 002 -. 008 1.281 - 2 -. 001 -. 002 -. 008 3600

2050 1.278 - 2 1.279 - 2 3690
2100 1.275 - 3 -. 002 -. 003 -. 009 1.276 - 3 -. 002 -. 003 -. 009 3780
2150 1.272 - 3 1.273 - 3 3870
2200 1.270 - 2 -. 002 -. 003 -6010 1.270 - 3 -. 002 -.003 -. 009 3960
2250 1.267 - 3 1.268 - 2 4050

2300 1.265 - 2 -eC03 -s004 -. 012 1.266 - 2 -. 003 -e004 -. 011 4140
2350 1.263 - 2 1.264 - 2 4230
2400 1.260 - 3 -. 002 -. 004 -. 012 1.261 - 3 -. 001 -.003 -. 011 4320
2450 1.258 - 2 1.259 - 2 4410
2500 1.256 - 2 -. 00*4 -. 006 -.014 1.257 - 2 -e004 -. 006 -. 014 4500

2550 1.254 - 2 1.255 - 2 4590
2600 1.251 - 3 -. 004 -. 006 -. 014 1.252 - 3 -e004 -. 006 -. 014 4680
2650 1.248 - 3 1&249 - 3 4770
2700 1.246 - 2 -e004 -. 006 -. 016 1.247 - 2 -. 003 -. 005 -. 016 4860
2750 1.243 - 3 1.245 - 2 4950

2800 1.241 - 2 -. 004 -. 006 -. 015 1.243 - 2 -. 004 -. 005 -. 014 5040
2850 1.238 - 3 1.240 - 3 5130
2900 1.236 - 2 -. 004 -. 006 -. 017 i.238 - 2 -. 004 -. 006 -. 016 5220
2950 1.233 - 3 1.236 - 2 5310
3000 1.231 - 2 -9004 -e006 -. 017 1.234 - 2 -9004 -. 006 -. 017 5400

3100 1.227 - 4 -. 004 -. 006 -. 016 1.230 - 4 -0005 -. 006 -. 016 5580
3200 1.222 - 5 -. 003 -. 005 -. 016 1.225 - 5 -. 003 -. 004 -@016 5760
3300 1.218 - '' -. 002 -. 004 -. 014 1.221 - 4 -. 002 -.003 -. 014 5940
3400 1&215 - .o -. 002 .-. 003 -. 013 1a218 - 3 -. 002 -. 004 -.013 6120
3500 1.113 - 2 -. 001 -. 003 -. 011 1.215 - 3 -s001 -.003 -. 011 6300

3600 1.211 - 2 -. 001 -9003 -. 011 1.214 - 1 -. 001 -. 004 -. 012 6480
3700 2*.20 - 1 -. 001 -. 002 -&009 1.213 - 1 -e002 -. 002 -. 010 6660
3800 1.210 - 0 -0000 .001 -@007 1.212 - 1 .000 .001 -e008 6840
3900 1.210 - 0 -4000 0000 -@004 1.212 0 .000 -. 000 -. 005 7020
400Q 1.212 2 .000 -. 002 -. 004 1.213 1 -. 000 -.003 -. 005 7200

4100 1.213 1 0001 .001 -. 000 1.214 1 .001 .001 -;002 7380
4200 1.216 3 .000 .000 .001 1.216 2 .000 -. 000 -. 001 7560
4300 1.219 3 .000 .001 s003 1.219 3 -@000 .001 .001 7740
4400 1.222 3 .001 .001 .005 1.221 2 .001 .001 .004 7920
4500 1.225 3 .001 .002 0008 1.224 3 .001 .002 .006 8100

4600 1.229 4 .001 .001 .007 1.228 4 .001 .001 .006 8280
4700 1.232 3 .000 .002 .009 1.231 3 -. 000 .001 .007 8460
4800 1&235 3 .000 .001 .010 1.234 3 0000 .001 e008 8640
4900 1.238 3 -#001 0001 .010 1.237 3 -. 002 .001 e009 8820
5000 1.240 2 -. 002 .001 .011 1.240 3 -. 004 .001 .010 9000

Table 1510.08 RATIO OF SPECIFIC HEATS (y) for dry and mo'- air (Concluded)
(See Section 1500.3 for definition of re s)



NAVORD REPORT 1488 (Volume 5) HANDBOOK OF SUPERSONIC AERODYNAMICS
1510.09-1 Properties of Gases 1 August 1953

1510.09 Velocity of Sound

0.01 Atmosphere Pressure

T a T T a A T
(K) (OR) (*K) (OR)

50 464.9 90 300 1139.2 191 540
60 509.5 446 108 310 1157.9 187 558
70 550.3 408 126 320 1176.4 185 576
80 588.5 382 144 330 1194.4 180 594
90 624.2 357 162 340 1212.3 179 612

100 658.0 338 180 350 1229.7 174 630
110 690o.1 321 198 36C 1246.8 171 648
120 720.9 308 216 370 1263.8 170 666
130 750.3 294 234 380 1280e4 166 684
140 778.6 283 252 390 1297.0 166 702

150 805.9 273 270 400 1313.2 162 720
160 832.3 264 288 410 1329.2 160 738
170 858.0 257 306 420 1344.8 156 756
180 882.9 249 324 430 1360.5 157 774
190 907.0 241 342 440 1375.8 153 792

200 930.5 235 360 450 1390.9 151 810
210 953.6 231 378 460 1405.8 149 828
220 976.0 224 396 470 1420.5 147 846
230 997.8 218 414 480 1435.1 146 864
240 1019.2 214 432 490 1449.4 143 882

250 1040.2 210 450 500 1463.7 143 900
260 1060.8 206 468 510 1477.7 14C 918
270 1081.0 202 486 520 1491.5 138 936
280 1100.7 197 504 530 1505.2 137 954
2Q0 1120.1 194 522 540 1518.8 136 972

Moisture residuals at 300 0K(540*R)

Mole % moisture content 0.5 1.0 5.0

a Residuals 2.00 3.00 9.00

Conversion Factors for Velocity of Sound (a)

To Convert To Having Dimensions Multiply
Tabulated Value of Indicated below by

a a mi hr- 1  0.681818
with dimensions of

ft sec- 1  m sec-1  0.304801

Table 1510.09 VELOCITY OF SOUND (a in ft/sec) for dry and moist air
(See Section 1500.3 for definition of residuals)



1 August 1953 Velocity of Sound 1510.09-2

0.01 Atmosphere Pressure

T a T T a T(ON) O0 R) (OK) (OR)

550 1532,2 134 3 • io29 U 2•i
560 1545,5 i5 -• o0 ii 5 i•

560 1571.4 12, 104 iSO 15 0 C, 17!0
590 1584*4 4,, iOi 1. i

60.0 1507 13 1O i50 207E D . 1'0
610 1609 12 iUS 1200 2125 46 1950
620 1622 i3 ili6 1150 21691 4+ 207
63U 1634 12 1134 1200 2214 45 2160
640 1646 12 1112 1250 625c 44 2250

650 1658 12 1170 i300 22") 41 2340
660 1670 12 113 1350 2340 41 2430
670 1682 12 12-)6 1400 2366 40 2520
680 1694 12 1224 1450 2420 40 2010
690 1706 12 1242 1300 243' 39 2700

700 1716 12 1260 1550 24Y6 37 2790
710 1720 11 1278 i606 2533 37 2680
720 1741 12 1296 i650 2569 36 2970
710 1757 11 1314 17CO 2603 34 3060
740 1764 12 1332 1750 2636 33 3150

750 1775 11 1350 1800 2669 33 3240
760 1786 11 1366 1650 i699 30 3330
773 1796 1i 13Ah 1900 2727 26 3420
760 1867 11 14%4 1950 275z 26 3510
790 1818 11 1422 2000 2776 23 3600

2)50 2796 23 3690
2100 2620 21 3780

Table 1510.09 VELOCITY OF SOUND (a in ft/sec) for dry and moist air
(Continued) (See Section 1500.3 for definition of residuals)



NAVORD REPORT 1488 (Volume 5) HANDBOOK OF SUPERSONIC AERODYNAMICS
1510.09-3 Properties of Gases 1 August 1953

0.1 Atmosphere Pressure 0.4 Atmosphere Pressure

a Residuals, for mole a Residuals, for mole
% moisture content % moisture content

T a . 0.1 1.0 5.0 a • 0.1 1.0 5.0 T
(OK) (*R)

80 587.4 144
90 623.2 358 620.6 162

100 657.4 342 655.3 347 180
110 689.5 321 688.0 327 198
120 720.4 30g 719.1 311 216
130 740.9 295 748.9 298 234
140 778.3 284 777.5 286 252

150 605.7 274 805.0 275 270
160 632.2 265 831.7 267 288
170 657.8 256 857.3 256 306
180 582.8 250 882.4 251 324
190 906.9 241 906.6 242 342

200 930.5 236 930.2 236 360
210 •53*5 230 953.3 231 378
220 j76.0 223 975.9 226 396
230 974 2-18 997.8 219 414
240 1019.2 214 1019.1 213 432

250 1040.2 210 1040.2 211 450
260 1060.8 206 106C.9 207 468
270 1081.0 202 1081.0 201 4t6
250 1100.7 197 1100.8 198 504
?n 11)0.1 194 1120.2 194 522

200 1139.2 191 1. 3. 10. 1139.3 191 I. 3. 10. 540
310 1157.9 187 1158.0 187 558
320 1176.4 185 1176.5 185 576
330 1194.4 130 1194.5 180 594
340 1212.3 179 1212.4 179 612

350 1229.7 174 1229.8 174 630
360 1247.0 173 1247.2 174 648
370 1263.g 169 1264.1 169 666
380 1280.6 167 1280.8 167 684
390 1297.1 165 1297.3 165 702

400 1313.3 162 1. 3& 11 1313.5 162 1. 3. 11. 720
410 1329.3 160 1329.5 160 738
420 1344.9 156 1345.2 157 756
430 1360.6 157 1360.8 156 774
440 1375.9 153 1376.1 153 792

450 1391.0 151 1391.3 152 810
460 1405.9 149 1406.2 149 828
470 1420.6 147 1420.8 146 846
480 1435.2 146 1435.4 146 864
490 1449.5 143 1449.8 144 882

500 1463.8 143 1. 3. 12. 1464#0 142 10 3. 12. 900
510 1477.8 140 1478.0 140 918
520 1491.6 138 1491.8 138 936
530 1505.3 13- 1505.5 137 954
540 1518.9 136 1519.1 136 972

Table 1510.09 VELOCITY OF SOUND (a in ft/sec) for dry and moist air
(Continued) (See Section 1500.3 for definition of residuals)



1 August 1953 Velocity of Sound 1510.09-4

0.7 Atmosphere Pressure 1.0 Atmosphere Pressure

a Residuals, for mole a Residuals, for mole
% moisture content % moisture content

T a . 0.1 1.0 5.0 a 0.1 1.0 5.0 T
(OK) (OR)

90 617.9 615.1 162

100 653.1 352 651.0 359 180
110 686.4 333 684.6 336 198
120 717.8 314 716.5 319 216
130 747.8 300 746.8 303 234
140 776.6 288 775o8 290 252

150 804.4 278 80307 279 270
160 831.1 267 830.6 269 288
170 856.9 258 856.4 258 306
180 882.0 251 881*7 253 324
190 906.3 243 906.0 243 342

200 930.0 237 929.8 238 360
210 953.2 232 953.0 232 378
220 975.8 226 975.6 226 396
230 997.7 219 997.7 221 414
240 1019.1 214 1019.0 213 432

250 1040.3 212 1040.3 213 450
260 1060.9 206 1061.0 207 468
270 1081.1 202 1081.2 202 486
280 1100.8 197 1100.9 197 504
290 1120.3 195 1120.4 195 522

300 1139.4 191 2@ 2. 10. 1139.5 191 2. 2. 10. 540
310 1158.1 187 1158.3 188 558
320 1176o6 185 1176.7 184 576
330 1194.7 181 1195.0 183 594
340 1212.5 178 1212*7 177 612

350 1229.9 174 1230.2 175 630
360 1247.3 174 1247.. 172 648
370 1264.2 169 1264.5 171 666
380 1280.9 167 1281.2 167 684
390 1297.4 165 1297.6 164 702

400 1313.6 162 1. 2. lie 1313.8 162 l. 2. 11. 720
410 1329.6 160 1329.8 160 738
420 1345.3 157 1345.7 159 756
430 1360.9 156 1361.2 155 774
440 1376.3 154 1376.6 154 792

450 1391.5 152 1391*7 151 810
460 1406.4 149 1406.6 149 828
470 1421.1 147 1421.3 147 846
480 1435.6 145 1435.8 145 864
490 1450.0 144 1450.2 144 882

500 1464.2 142 1e 2. 12. 1464.4 142 1e 2* 12. 900
510 1478.3 141 1478.5 141 918
520 1492.1 138 1492.4 139 936
530 1505.8 137 1506.1 137 954
540 1519.4 136 1519.6 135 972

Table 1510.09 VELOCITY OF SOUND (a in ft/sec) for dry and moist air
(Continued) (See Section 1500.3 for definition of residuals)



NAVORD REPORT 1488 (Volume 5) HANDBOOK OF SUPERSONIC AERODYNAMICS
1510.09-5 Properties of Gases 1 August 1953

1

0.1 Atmosphere Pressure 0.4 Atmosphere Pressure
a Residuals, for mole a Residuals, for mole
% moisture content % moisture content

T a 1 0.1 1.0 5.0 a 0.1 1.0 5.0 T
(°K) (OR)

550 1532.3 134 1532.5 134 990
560 1545.6 133 1545.8 133 1008
570 1558.6 130 1558.8 130 1026
580 1571.6 130 1571.8 130 1044
590 1584.5 1*29 1584.7 129 1062

600 1597 13 1 3 12 1597 12 2 3 12 1080
610 1609 12 1610 13 1098
620 1622 13 1622 12 1116
630 1634 12 1634 12 1134
640 1646 12 1647 13 1152

650 1659 13 1659 12 1170
660 1671 12 1671 12 1188
670 1682 11 1683 12 1206
680 1694 12 1695 12 1224
690 1706 12 1706 11 1242

700 1718 12 2 2 14 1718 12 1 3 14 1260
710 1729 11 1730 12 1278
720 1741 12 1741 11 1296
730 1752 11 1752 11 1314
740 1764 12 1764 12 1332

750 1775 11 1775 11 1350
760 1786 11 1786 11 1368
770 1796 10 1796 10 1386
780 1807 ii 1808 12 1404
790 1818 11 1819 11 1422

800 1829 11 1 3 14 1830 11 1 3 14 1440
850 1882 53 1882 52 1530
900 1933 51 1 3 14 1933 51 1 2 15 1620
950 1983 50 1983 50 1710

1000 2031 48 1 3 15 2032 49 2 3 15 1800

1050 2079 48 2079 47 1890
1100 2125 46 2 3 16 2125 46 2 3 16 1980
1150 2169 44 2171 46 2070
1200 2214 45 1 3 15 2214 43 1 3 16 2160
1250 2258 44 2258 44 2250

1300 2299 41 1 2 16 2300 42 2 3 17 2340
1350 2340 41 2340 40 2430
1400 2380 40 2 4 17 2380 40 1 4 17 2520
1450 2420 40 2420 40 2610
1500 2459 39 0 4 16 2459 39 2 4 17 2700

1550 2497 38 2497 38 2790
1600 2534 37 1 2 17 2534 37 1 2 17 2880
1650 2570 36 2571 37 2970
1700 2605 35 2 3 15 2607 36 0 1 15 3060
1750 2640 35 2641 34 3150

Table 1510.09 VELOCITY OF SOUND (a in ft/sec) for dry and moist air
(Continued) (See Section 1500.3 for definition of residuals)



1 August 1953 Velocity of Sound 1510.09-6

0.7 Atmosphere Pressure 1.0 Atmosphere Pressure

a Residuals, for mole a Residuals, for mole
% moisture content % moisture content

T a 0.1 1.0 5.0 a 4 0.1 1.0 5.0 T
(°_) ( R)
550 1532.7 133 1533.1 135 990
560 1546.0 133 1546.2 131 1006
570 1559.0 130 1559.4 132 1026
580 1572.0 130 1572.3 129 1044
590 1584.9 129 158,.1 128 1062

600 1597 12 2 3 12 1597 12 2 3 12 1080
610 1610 13 .1610 13 109l
620 1622 12 1622 12 1116
630 1635 13 1635 -13 1134
640 1647 12 1647 12 1152

650 1659 12 1659 12 1170
660 1671 12 1671 12 1188
670 1683 12 1683 12 1206
680 1695 12 1695 12 1224
690 1707 12 1707 12 1242

70C 1718 11 2 3 14 1718 11 2 3 14 1260
710 1730 12 1730 12 1278
720 1741 11 1742 12 1296
730 1753 12 1753 11 1314
740 1764 11 1764 11 1332

750 1775 11 1776 12 1350
760 1787 12 1787 11 1368
770 1798 11 1798 11 1386
780 1808 10 1808 10 1404
790 1819 11 1819 11 1422

80C 1830 11 2 3 14 1830 11 2 3 14 1440
850 1882 52 1883 53 1530
900 1935 53 1 3 15 1935 52 1 3 15 1620
950 1983 48 1985 50 1710

1000 2032 49 2 3 15 2032 47 2 3 15 1800

1050 2079 47 2079 47 1890
1100 2125 46 2 3 16 2126 47 2 3 16 1980
1150 2171 46 2171 45 2070
1200 2214 43 2 3 16 2215 44 2 3 16 2160
1250 2258 44 2258 43 2250

1300 2300 42 2 4 17 2300 42 2 4 17 2340
1350 2340 40 2341 41 2430
1400 2380 40 1 4 17 2381 40 1 4 17 2520
1450 2421 41 2421 40 2610
1500 2459 38 2 4 18 2459 38 2 4 18 2700

1550 2497 38 2497 38 2790
1600 2535 38 1 3 16 2535 38 1 3 16 288C
1650 2571 36 2571 36 2970
1700 2607 36 0 1 16 2608 37 0 1 16 3060
1750 2642 35 2642 34 3150

Table 1510.09 VELOCITY OF SOUND (a in ft/sec) for dry and moist air
(Continued) (See Section 1500.3 for definition of residuals)



NAVORD REPORT 1488 (Volume 5) HANDBOOK OF SUPERSONIC AERODYNAMICS
1510.09-7 Properties of Gases 1 August 1953

0.1 Atmosphere Pressure 0.4 Atmosphere Pressure

a Residuals, for mole a Residuals, for mole
% moisture content % moisture content

T a A 0.1 1.0 5.0 a - 0.1 1.0 5.0 T
(°K) (*R)

1800 2674 34 1 2 12 2676 35 1 2 14 3240
1850 2708 34 2709 33 3380
1900 2738 30 - I - 1 10 2741 32 0 0 12 3420
1950 2769 31 2773 32 3510
2000 2799 30 - 2 - 1 8 2804 31 - 1 0 12 3600

2050 2827 28 2833 29 3690
2100 2853 26 - 4 - 3 3 2862 29 - 1 - 2 9 3780
2150 2880 27 2889 27 3870
2200 2903 23 - 4 - 4 3 2918 29 - 2 - 2 ' 3960
2250 2927 24 2944 26 4050

2300 2951 24 - 3 - 4 3 2969 25 - 4 - 3 4 4140

2350 2974 23 2994 25 4230
2400 2997 23 - 4 - 4 4 3019 25 - 3 - 4 4 4320
2450 3020 23 3042 23 4410
2500 3042 22 - 1 - 1 12 3064 22 - 3 - 3 6 4500

2550 3065 23 3088 24 4590
2600 3090 25 1 3 19 3112 24 - 1 0 10 4680
2650 3118 28 3138 26 4770
2700 3147 29 4 6 31 3163 25 1 1 16 4860
2750 3179 32 3189 26 4950

2800 3211 32 7 11 45 3217 28 2 4 24 5040
2850 3247 36 3246 29 5130
2900 3285 38 7 14 58 3276 30 4 8 32 5220
2950 3324 39 3308 32 5310
3000 3366 42 13 20 79 3339 31 8 11 47 5400

3100 3454 88 13 3408 69 8 16 61 5580
3200 3546 92 3486 78 9 20 78 5760
3300 3569 83 12 22 94 5940
3400 3658 89 15 30 ill 6120
3500 3748 90 15 29 125 6300

3600 3838 90 19 2z 141 6400
3700 3927 89 15 32 14.' 6660
3800 4011 84 17 36 167 6840
3900 4091 80 15 35 173 7020
4000 4168 77 19 43 187 7200

4100 4244 76 14 35 187 7380
4200 4321 17 19 39 194 7560
4300 4404 83 19 40 197 7740
4400 4494 90 22 37 196 7920
4500 4592 98 21 42 199 8100

4600 4699 107 20 40 203 8280
4700 4816 117 19 39 202 8460
4800 4941 125 18 37 200 8640
4900 5076 135 21 41 190 8820
5000 5221 145 25 38 187 9000

Table 1510.09 VELOCITY OF SOUND (a in ft/sec) for dry and moist air
(Continued) (See Section 1500.3 for definition of residuals)



1 August 1953 Velocity of Sound 1510.09-8

0.7 Atmosphere Pressure 1.0 Atmosphert Pressure

a Residuals, for mole a Residuals, for mole
% moisture content % moisture content

T a a 0.1 1.0 5.0 a - 0.1 1.0 5.0 T
(OK) (OR)

1800 2676 34 1 2 15 2676 .4 1 2 15 3240
1850 2710 34 2712 .34 3330
1900 2742 32 1 1 13 2744 34 1 1 13 3420
1950 2774 32 2775 31 3510
2000 2806 32 - 1 0 12 2807 Ic - 1 0 13 3600

2050 2835 29 2836 29 3690
2100 2864 29 0 - 1 10 2866 30 0 - 1 11 3780
2150 2895 31 2897 31 3870
2200 2923 28 - I - 2 8 2926 29 - 1 - 2 9 3900
2250 2950 27 2955 ý4 4050

2300 2976 26 . 4 - 3 6 2981 26 - 3 - 4140
2350 3001 25 3007 26 4230
2400 3027 26 - 2 - 3 5 3033 Ž6 - 2 - 3 0 4320
2450 3051 24 3057 24 #410
2500 3074 23 -3 3 6 3080 23 - 3 - 3 6 +500

2550 3098 24 3104 24 4590
2600 3122 24 - 2 - 2 8 3127 23 - - 3 8 4680
2650 3146 24 3151 24 4770
2700 3170 24 1 0 13 3175 24 0 - 1 11 486C
2750 3196 26 3200 z5 4950

280.ý 3221 25 1 3 20 3225 25 0 2 18 5040
2850 3248 27 3251 26 5130
2930 3276 28 4 6 27 3279 28 4 5 25 5220
2950 3305 29 3306 27 5310
3000 3334 29 6 9 36 3334 28 4 8 31 5400

3100 3399 65 7 12 51 3396 62 7 10 45 5580
3200 3470 71 8 17 64 3463 67 8 15 56 5760
3300 3546 76 12 22 78 3535 72 12 21 by D940
3400 3629 83 13 25 95 3513 76 12 22 85 6120
3500 3714 85 14 27 110 3695 82 13 25 101 6200

3600 3802 88 16 26 124 3780 85 14 24 113 0460
3700 3889 87 14 30 137 3665 85 13 29 128 6660
3800 3975 86 16 33 154 3951 86 16 30 144 6840
3900 4057 82 16 32 164 4034 83 16 31 156 7020
4000 4136 7Q 18 38 177 4114 80 18 35 1o9 7200

4100 4213 77 15 35 181 4193 79 17 36 175 7380
4200 4289 76 17 37 18c 4269 76 17 36 185 75(0
4300 4367 78 20 40 195 4347 78 20 39 192 7740
4400 4449 82 21 38 196 4425 76 20 38 194 7920
4500 4536 87 21 41 199 4503 63 20 40 199 8100

4600 4632 96 21 41 204 4597 89 21 42 204 8280
4700 4735 103 1; 39 203 4692 95 20 40 203 8460
4000 4846 ill 19 39 203 4794 102 20 41 204 864D
4900 4966 120 21 42 201 4905 ill 21 41 203 8820
5000 1 5097 131 23 42 192 5024 119 21 42 196 19000

Table 1510.09 VELOCITY OF SOUND (a in ft/sec) for dry and moist air
(Continued) (See Section 1500.3 for definition of residuals)



NAVORD REPORT 1488 (Volume 5) HANDBOOK OF SUPERSONIC AERODYNAMICS
1510.09-9 Properties of Gases 1 August 1953

1.0 Atmosphere Pressure 4.0 Atmospheres Pressure

a Residuals, for mole a Residuals, for mole
%moisture content % moisture content

T a 0.1 1.0 5.0 a 0.1 1.0 5.0 T
(OK) (_ R)

90 615.1 162

100 651.0 359 180
110 684o6 336 667.2 198
120 716.5 319 702.9 357 216
130 746.8 303 736.2 333 234
140 775.8 290 767.3 311 252

150 803.7 279 797.0 Z97 270
160 830.6 269 825.3 283 288
170 856.4 258 852.3 270 306
180 881.7 253 878.5 262 324
190 906.0 243 903.4 249 342

200 929.8 238 927.8 244 360
210 953.0 232 951.6 238 378
220 975.6 226 974.8 232 396
230 997.7 221 997.3 225 414
240 1019.0 213 1018.8 215 432

250 1040.3 213 1040.3 215 450
260 1061.0 207 106103 210 468
270 1081.2 202 1081.9 206 486
280 1100.9 197 1101*9 200 504
290 1120.4 195 1121.5 196 522

300 1139.5 191 2. 2. 10. 1140.7 192 1. 1* 80 540
310 1158.3 188 1159.6 189 558
320 1176.7 184 1178.1 185 576
330 1195.0 183 1196.5 184 5s*
340 1212.7 177 1214.3 178 12

350 1230.2 175 12?1.9 17-6 630
360 1247.4 172 1249.2 173 648
370 1264.5 171 1266.3 171 666
380 1281.2 167 1283.2 169 684
390 1297.6 164 1299.6 164 702

400 1313.8 162 1* 2. 11. 1315.9 163 1. 2* 11. 720
410 1329.8 160 1331.9 160 738
420 1345.7 15q 1347.8 159 756
430 1361.2 155 1363.4 156 774
440 1376.6 154 1378.8 154 792

450 1391.7 151 1393.9 151 810
460 1406.6 149 1408.9 150 828
470 1421.3 147 1423.6 147 846
480 1435.8 145 1438.2 146 864
490 1450.2 144 1452.6 144 882

500 1464.4 142 1. 2. 12. 1466.8 142 1. 2o 12. 900
510 1478.5 141 1480.9 141 918
520 1492.4 139 1494.8 139 936
530 1506.1 137 1508.5 137 954
540 1519.6 135 1522.0 135 972

Table 1510.09 VELOCITY OF SOUND (a in ft/sec) for dry and moist air
(Continued) (See Section 1500.3 for definition of residuals)



1 August 1953 Velocity of Sound 1510.09-10

7.0 Atmospheres Pressure 10.0 Atmospheres Pressure

a Residuals, for mole a Residuals, for mole
% moisture content % moisture content

T a A 0.1 1.0 5.0 a A 0.1 1.0 5.0 T
(OK) (OR)

110 648.1 626.6 198
120 688.7 406 67392 466 216
130 725.1 364 71307 405 234
140 758.7 336 750.0 363 252

150 790.2 315 78345 335 270
160 819.9 287 814.7 312 288
170 848.2 293 844o2 295 306
180 875.4 272 872o1 279 324
190 901.0 256 898.8 267 342

200 925*9 249 924*3 255 360
210 950.4 245 949.2 249 378
220 974.0 236 973.2 240 396
230 996o8 228 996.5 233 414
240 1018.8 220 1019.1 226 432

250 1040.7 219 1041*1 220 450
260 1061.8 211 1062.5 214 468
270 1082.4 206 1083.4 209 486
280 1102.7 203 110309 205 504
290 1122*6 199 1123.9 200 522

300 1142.0 194 0 1. 8. 1143.3 194 0 1 9. 540
310 1160.9 1d9 1162.5 192 558
320 1179.6 187 1181.3 188 576
330 1198o0 184 119907 184 594
340 1216.0 180 1217.7 180 612

350 '233*8 178 1235.5 178 630
360 1251.1 173 1253.0 175 648
370 1268*3 172 1270.2 172 666
380 1285.1 168 1287.2 170 684
390 1301.7 166 1303.8 166 702

400 1318.0 163 1. 2. 11. 1320.1 163 1. 2. 110 720
410 1334.1 161 1336.2 161 738
420 1349.9 158 1352.1 159 756
430 1365.6 157 1367.8 157 774
440 1381.0 154 1383.2 154 792

450 1396.2 152 1398.4 152 810
460 1411.2 150 1413.4 150 828
470 1425.9 147 1428.2 148 846
480 1440.6 147 1442.9 147 864
490 1455.0 144 1457.3 144 882

500 1469.2 142 1. 3o 12. 1471.5 142 2. 3o 12. 900
510 1483.3 141 1485.6 141 918
520 1497.2 139 1499.6 140 936
530 1510.9 137 1513.3 137 954
540 1524.4 135 1526.9 136 972

Table 1510.09 VELOCITY OF SOUND (a in ft/sec) for dry and moist air
(Continued) (See Section 1500.3 for definition of residuals)



NAVORD REPORT 1488 (Volume 5) HANDBOOK OF SUPERSONIC AERODYNAMICS
1510.09-11 Properties of Gases 1 August 1953.

1.0 Atmosphere Pressure 4.0 Atmospheres Pressure

a Residuals, for mole a Residuals, for mole
% moisture content % moisture content

T a0.1 1.0 5.0 a 0.1 1.0 5.0 T
O°K) ( °R)

550 1533o1 135 1535.5 135 990
560 1546*2 131 1548.6 131 1008
570 1559@4 132 1561.8 132 1026
580 1572.3 129 1574.7 129 1044
590 1585.1 128 1587.5 128 1062

600 1597 12 2 3 12 1601 13 1 3 13 1080
610 1610 13 1613 12 1098
620 1622 12 1626 13 1116
630 1635 13 1638 12 1134
640 1647 12 1650 12 1152

650 1659 12 1662 12 1170
660 1671 12 1674 12 1188
670 1683 12 1686 12 1206
680 1695 12 1697 11 1224
690 1707 12 1709 12 1242

700 1718 11 2 3 14 1721 12 2 3 13 1260
710 1730 12 1732 11 1278
720 1742 12 1744 12 1296
730 1753 11 1755 11 t314
740 1764 11 1767 12 1332

750 1776 12 1778 11 1350
760 1787 11 1789 11 1368
770 1798 11 1800 11 1386
780 1808 10 1811 11 1404
790 1819 11 1821 10 1422

800 1830 11 2 3 14 1832 11 1 3 14 1440
850 1883 53 1886 54 1530
900 1935 52 1 3 15 1937 51 1 3 14 1620
950 1985 50 1987 50 1710

1000 2032 47 2 3 15 2C35 48 2 3 16 1800

1050 2079 47 2081 46 1890
1100 2126 47 2 3 16 2128 47 2 4 15 1980
1150 2171 45 2173 45 2070
1200 2215 44 2 3 16 2216 43 2 4 16 2160
1250 2258 43 2260 44 2250

1300 2300 42 2 4 17 2302 42 1 3 17 2340
1350 2341 41 2342 40 2430
1400 2381 40 1 4 17 2383 41 2 4 17 2520
1450 2421 40 2423 40 2610
1500 2459 38 2 4 18 2461 38 1. 4 18 2700

1550 2497 38 2499 38 2790
1600 2535 38 1 3 16 2536 37 2 17 2880
1650 2571 36 2573 37 2970
1700 2608 37 0 1 16 2609 36 2 3 17 3060
1750 2642 34 2644 35 3150

Table 1510.09 VELOCITY OF SOUND (a in ft/sec) for dry and moist air
(Continued) (See Section 1500.3 for definition of residuals)



1 August 1953 Velocity of Sound 1510.09-12S

7.0 Atmospheres Pressure 10.0 Atmospheres Pressure

a Residuals, for mole a Residuals, for mole
% moisture content % moisture content

T a A 0.1 1.0 5.0 a 1 0.1 1.0 5.0 T
0K0) (°R)

550 1537*8 134 1540.2 133 990
560 1551.0 132 1553.4 132 1008
570 1564.2 132 1566.6 132 1026
580 1577.1 129 1579.5 129 1044
590 1589.9 128 1592.3 128 1062

600 1603 13 1 3 12 1605 13 1 3 12 1080
610 1616 13 1618 13 1098
620 1628 12 1630 12 1116
630 1640 12 1643 13 1134
640 1653 13 1655 12 1152

650 1665 12 1667 12 1170
660 1677 12 1679 12 1188
670 1689 12 1691 12 1206
680 1701 12 1703 12 1224
690 1713 12 1715 12 1242

700 1725 12 2 3 13 1726 11 2 3 13 1260
710 1736 11 1738 12 1278
720 1746 10 1749 11 1296
730 1757 11 1761 12 1314
740 1769 12 1771 10 1332

750 1780 11 1782 11 1350
760 1791 11 1793 11 1368
770 1802 11 1805 12 1386
780 1813 11 1816 11 1404
790 1824 11 1827 11 1422

800 1834 10 1 3 14 1838 11 1 3 14 1440
850 1888 54 1890 52 1530
900 1939 51 1 3 14 1941 51 1 3 14 1620
950 1989 50 1991 50 1710

1000 2037 48 2 3 16 2039 48 2 3 15 1800

1050 2084 47 2086 47 1890
1100 2130 46 2 3 15 2132 46 2 3 15 1980
1150 2175 45 2177 45 2070
1200 2218 43 2 4 16 2221 44 2 4 16 2160
1250 2262 44 2264 43 2250

1300 2303 41 2 3 i7 2305 41 2 3 17 2340
1350 2344 41 2347 42 2430
1400 2385 41 2 4 17 2387 40 1 4 17 2520
1450 2424 39 2426 39 2610
1500 2463 39 1 4 17 2465 39 1 4 17 2700

1550 2501 38 2502 37 2790
1600 2538 37 1 3 18 2539 37 1 3 18 2880
1650 2575 37 2576 37 2970
1700 2611 36 2 3 17 2612 36 2 4 17 3060
1750 2646 35 2648 36 3150

Table 1510.09 VELOCITY OF SOUND (a in ft/sec) for dry and moist air
(Continued) (See Section 1500.3 for definition of residuals)



NAVORD REPORT 1488 (Volume 5) HANDBOOK OF SUPERSONIC AERODYNAMICS
1510.09-13 Properties of Gases 1 August 1953

1.0 Atmosphere Pressure 4.0 Atmospheres Pressure

a Residuals, for mole a Residuals, for mole
% moisture content % moisture content

T a • 0.1 1.0 5.0 a . 0.1 1.0 5.0 T(°K) (°R)

1800 2676 34 1 2 15 2679 35 1 4 16 3240
1850 2710 34 2713 34 3330
1900 2744 34 1 1 13 2747 34 1 2 15 3420
1950 2775 31 2779 32 3510
2000 2807 32 - 1 0 13 2811 32 - 1 1 15 3600

2050 2836 29 2843 32 3690
2100 2866 30 0 - 1 11 2873 30 1 1 13 3780
2150 2897 31 2905 32 3870
2200 2926 29 - 1 - 2 9 2935 30 - 1 - 1 11 3960
2250 2955 29 2963 28 4050

2300 2981 26 - 3 - 3 7 2993 30 - 2 - 1 11 4140
2350 3007 26 3020 27 4230
2400 3033 26 - 2 - 3 6 3047 27 - 2 - 2 9 4320
2450 3057 24 3073 26 4410
2500 3080 23 - 3 - 3 6 3098 25 - 3 - 1 7 4500

2550 3104 24 3123 25 4590
2600 3127 23 - 2 - 3 8 3148 25 - 1 - 3 8 4680
2650 3151 24 3173 25 4770
2700 3175 24 0 - 1 11 3197 24 - 1 - 1 9 4860
2750 3200 25 3222 25 4950

2800 3225 25 0 2 18 3246 24 - 1 0 12 5040
2850 3251 26 3271 25 5130
2900 3279 28 4 5 25 3295 24 1 1 14 5220
2950 3306 27 3320 25 5310
3000 3334 28 4 8 31 3345 25 2 4 18 5400

3100 3396 62 7 10 45 3401 56 5 5 25 5580
3200 3463 67 8 15 56 3456 55 6 7 33 5760
3300 3535 72 12 21 69 3515 59 8 13 42 5940
3400 3613 78 12 22 85 3578 63 7 13 54 6120
3500 3695 82 13 25 101 3645 67 10 18 65 6300

3600 3780 85 14 24 113 3716 71 8 18 74 6480
3700 3865 85 13 29 128 3790 74 13 21 92 6660
3800 3951 86 16 30 144 3868 78 12 22 103 6840
3900 4034 83 16 31 156 3947 79 16 25 117 7020
4000 4114 80 18 35 169 4028 81 16 25 129 7200

4100 4193 79 17 36 175 4108 80 16 33 141 7380
4200 4269 76 17 36 185 4187 79 16 32 154 7560
4300 4347 78 20 39 192 4265 78 19 35 166 7740
4400 4425 78 20 38 194 4341 76 17 37 174 7920
4500 4508 83 20 40 199 4416 75 19 36 184 8100

4600 4597 89 21 42 204 4493 77 21 41 190 8280
4700 4692 95 20 40 203 4569 76 19 43 195 8460
4800 4794 102 20 41 ,04 4648 79 22 43 202 8640
4900 4905 111 21 41 203 4730 82 20 37 203 8820
5000 5024 119 21 42 196 4815 85 20 38 207 9000

Table 1510.09 VELOCITY OF SOUND (a in ft/sec) for dry and moist air
(Continued) (See Section 1500.3 for definition of residuals)



1 August 1953 Velocity of Sound 1510.09-14

7.0 Atmospheres Pressure 10.0 Atmospheres Pressure
a Residuals, for mole a Residuals, for mole
% moisture content % moisture content

T a A 0.1 1.0 5.0 a A 0.1 1.0 5.0 T
OK) (°OR)

1800 2681 35 1 4 17 2683 35 1 4 17 3240
1850 2715 34 2716 33 3330
1900 2749 34 1 2 16 2750 34 1 2 16 3420
1950 2782 33 2784 34 3510
2000 2814 32 0 2 15 2816 32 0 2 16 3600

2050 2846 32 2848 32 3690
2100 2877 31 1 1 14 2880 32 0 1 14 3780
2150 2908 31 2910 30 3870
2200 2938 30 - 1 - 1 12 2940 30 - 1 - 1 13 3960
2250 2969 31 2970 30 4050

2300 2996 27 - 1 0 12 2998 28 - 1 0 13 4140
2350 3024 28 3026 28 4230
2400 3051 27 - 2 - 2 10 3054 28 - 2 - 2 10 4320
2450 3077 26 3081 27 4410
2500 3105 28 - 3 - 1 8 3108 27 - 3 - 1 9 4500

2550 3131 26 3135 27 4590
2600 3156 25 - 1 - 2 9 3161 26 - 1 - 2 10 4680
2650 3182 26 3187 26 4770
2700 3207 25 - 2 - 2 10 3213 26 - 2 - 2 10 4860
2750 3232 25 3239 26 4950

2800 3257 25 - 1 - 1 10 3264 25 - 1 - 1 10 5040
2850 3281 24 3289 25 5130
2900 3306 25 0 0 11 3313 24 - 1 - 1 9 5220
2950 3331 25 3338 25 5310
3000 3355 24 2 2 16 3362 24 1 2 15 5400

3100 3408 53 4 4 20 3413 51 3 3 17 5580
3200 3461 53 5 5 27 3465 52 4 4 25 5760
3300 3516 55 5 9 35 3519 54 3 7 31 5940
3400 3574 58 5 11 44 3574 55 4 11 40 6120
3500 3636 62 9 15 52 3634 60 8 13 46 6300

3600 3702 66 8 16 62 3696 62 7 15 56 6480
3700 3770 68 13 18 78 3761 65 12 16 69 6660
3800 3843 73 11 20 88 3830 69 10 19 78 6840

3900 3918 75 14 24 100 3902 72 13 22 89 7020
4000 3995 77 14 24 112 3976 74 13 23 102 7200

4100 4073 78 14 29 124 4051 75 12 27 113 7380
4200 4150 77 15 29 138 4128 77 15 27 126 7560
4300 4228 78 17 33 149 4204 76 16 31 138 7740
4400 4304 76 16 35 160 4280 76 15 34 149 7920
4500 4380 76 19 34 172 4356 76 18 33 162 8100

4600 4455 75 20 38 178 4431 75 19 36 169 8280
4700 4529 74 18 41 186 4505 74 17 39 162 8460
4800 4605 76 21 41 195 4579 74 20 38 188 8640
4900 4681 76 21 37 199 4652 73 21 37 195 8820
5000 4758 77 21 37 204 4728 76 22 38 200 9000

Table 1510.09 VELOCITY OF SOUND (a in ft/sec) for dry and moist air
(Continued) (See Section 1500.3 for definition of residuals)



NAVORD REPORT 1488 (Volume 5) HANDBOOK OF SUPERSONIC AERODYNAMICS
1510.09-15 Properties of Gases 1 August 1953

10.0 Atmospheres Pressure 40.0 Atmospheres Pressure

a Residuals, for mole a Residuals, for mole
% moisture content % moisture content

T a a 0.1 1.0 5.0 a A 0.1 1.0 5.0 T
(O°) (OR)

110 626.6 198
120 673.2 466 216
130 713.7 405 234
140 750.0 363 252

150 783.5 335 714.9 270
160 814.7 312 767.7 528 280
170 844.2 295 811*4 437 306
180 872.1 279 849.6 382 324
190 898.8 267 884.1 345 342

200 924.3 255 916s2 321 360
210 949.2 249 945o6 294 378
220 973.2 240 97J.6 280 396
230 996.5 233 1000.2 266 414
240 1019.1 226 1025.6 254 432

250 1041.1 220 1049.9 243 450
260 1062.5 214 1073.4 235 468
270 1083.4 209 1096.1 227 486
280 1103.g 205 1118.1 220 504
290 1123.9 200 1139.2 211 522

300 1143.3 194 0 1. 9. 1160.1 209 540
310 1162.5 192 1180.4 203 558
320 1181.3 188 1200.1 197 576
330 1199.7 184 1219.3 192 594
340 1217.7 180 1238.0 187 612

350 1235.5 178 1256.4 184 630
360 1253.0 175 1274.5 181 648
370 1270.2 172 1292.2 177 666
380 1287.2 170 1309.5 173 684
390 1303.8 166 1326.4 169 702

400 1320.1 163 1. 2o 11. 1343.1 167 720
410 1336.2 161 1359.6 165 738
420 1352.1 159 1375.7 161 756
430 1367.8 157 1391.6 159 774
440 1383.2 154 1407.1 155 792

450 1398.4 152 1422.4 153 810
460 1413.4 150 .1437.6 152 828
470 1428.2 148 1452.6 150 846
480 1442.9 147 1467.4 148 864
490 L457.3 144 1481.9 145 882

500 1471.5 142 2. 3o 12. 1496*2 143 2. 3. 11. 900
510 1485.6 141 1510.3 141 918
520 1499.6 140 1524.4 141 936
530 1513.3 137 1538.1 137 954
540 1526.9 136 1551.5 134 972

Table 1510.09 VELOCITY Ov SOUND (a in ft/sec) for dry and moist air

(Continued) (See Section 1500.3 for definition of residuals)



1 August 1953 Velocity of Sound 1510.09-16

70.0 Atmospheres Pressure 100.0 Atmospheres Pressure

a Residuals, for mole a Residuals, for mole
% moisture content % moisture content

T a 0.1 1.0 5.0 a 0.1 1.0 5.0 T
(°K) (OR_)

180 868o6 324
190 90109 333 342

200 934.4 325 990.2 360
210 963.8 294 1010.3 201 378
220 992.5 287 1034.1 238 396
230 1019.9 274 1058.3 242 414
240 1046.1 262 1082.1 238 432

250 1071.1 250 1105.5 234 450
260 1095.3 242 1128.5 230 468
270 1118.6 233 1150.9 224 486
280 1141.0 224 1172.7 218 504
290 1162.8 218 1193.9 212 522

300 1184.0 212 1214.7 208 540
310 1204.5 205 1234.9 202 558
320 1224.6 201 1254e6 197 576
330 1244.0 194 1273.9 193 594
340 1263.0 190 1292.7 188 612

350 1281.8 188 1311.0 183 630
360 1299.9 181 1329.3 183 648
370 1317.? 178 1347.0 177 666
380 1335.1 174 1364.2 172 684
390 1352.3 172 1381.1 169 702

400 1369.1 168 1397.6 165 720
410 1385.4 163 1413.9 163 738
420 1401.5 161 1429.6 157 756
430 1417.4 159 1445.4 158 774
440 1433.0 156 1460.9 155 792

450 1448.5 155 1476.6 157 810
460 1463.7 151 1491.3 147 828
470 1478;7 150 1506.3 150 846
480 1493.3 146 1520.9 146 864
490 1507.8 145 1535.3 144 882

500 1522.2 144 1549.5 142 900
510 1536.2 140 1563.4 139 918
520 1550.2 140 1577.1 137 936
530 1563.9 137 1590.7 136 954
540 1577.4 135 1604.2 135 972

Table 1510.09 VELOCITY OF SOUND (a in ft/sec) for dry and moist air
(Continued) (See Section 1500.3 for definition of residuals)



NAVORD REPORT 1488 (Volume 5) HANDBOOK OF SUPERSONIC AERODYNAMICS
1510.09-17 Properties of Gases 1 August 1953

10.0 Atmospheres Pressure 40.0 Atmospheres Pressure

a Residuals, for mole a Resid' for mole
% moisture content % moistL ontent

T a 0.1 1.0 5.0 a A 0.1 1.0 5.0 T
(O°) (OR)

550 1540.2 133 1565.0 135 990
560 1553.4 132 1578.3 133 1008
570 1566o6 132 1591.5 132 1026
580 1579w5 129 1604.4 129 1044
590 1592.3 128 1617.2 128 1062

600 1605 13 1 3 12 1630 13 1 2 10 1080
610 1618 13 1642 12 1098
620 1630 12 1654 12 1116
630 1643 13 1667 13 1134
640 1655 12 1679 12 1152

650 1667 12 1691 12 1170
660 1679 12 1703 12 1188
670 1691 12 1715 12 1206
680 1703 12 1727 12 1224
690 1715 12 1739 12 1242

700 1726 11 2 3 13 1750 11 0 2 11 1260
710 1738 12 1762 12 1278
720 1749 11 1773 11 1296
730 1761 12 1783 10 1314
740 1771 10 1794 11 1332

750 1782 11 1806 12 1350
760 1793 11 1817 11 1368
770 1805 12 1828 11 1386
780 1816 11 1839 11 1404
790 1827 11 1850 11 1422

800 1838 11 1 3 14 1861 11 1 2 12 1440
850 1890 52 1914 53 1530
900 1941 51 1 3 14 1965 51 1 2 13 1620
950 1991 50 2014 49 1710

1000 2039 48 2 3 15 2062 48 1 2 13 1800

1050 2086 47 2109 47 1890
1100 2132 46 2 3 15 2153 44 2 2 14 1980
1150 2177 45 2198 45 2070
1200 2221 44 2 4 16 2241 43 2 3 15 2160
1250 2264 43 2284 43 2250

1300 2305 41 2 3 17 2326 42 2 3 15 2340
1350 2347 42 2366 40 2430
1400 2387 40 1 4 17 2406 40 1 3 15 2520
1450 2426 39 2446 40 2610
1500 2465 39 1 4 17 2484 38 3 3 16 2700

1550 2502 37 2522 38 2790
1600 2539 37 1 3 18 2558 36 2 3 16 2880
1650 2576 37 2594 36 2970
1700 2612 36 2 4 17 2629 35 1 3 16 30d0
1750 2648 36 2666 37 3150

Table 1510.09 VELOCITY OF SOUND (a in ft/sec) for dry and moist air
(Continued) (See Section 1500.3 for definition of residuals)



1 August 1953 Velocity of Sound 1510.09-18'0

70.0 Atmospheres Pressure 100.0 Atmospheres Pressure

a Residuals, for mole a Residuals, for mole
% moisture content % moisture content

T a A 0.1 1.0 5.0 a 1 0.1 1.0 5.0 T
(OK) (OR)

550 1590.7 133 1617.4 132 990
560 1604.0 133 1630.5 131 1008
570 1617.0 130 1643.4 129 1026
580 1629.9 129 1656.2 128 1044
590 1642.8 129 1668.8 126 1062

600 1655 12 1681 12 1080
610 1667 12 1693 12 1098
620 1680 13 1706 13 1116
630 1692 12 1718 12 1134
640 1704 12 1730 12 1152

650 1716 12 1742 12 1170
660 1728 12 1754 12 1188
670 1740 12 1765 11 1206
680 1752 12 1777 12 1224
690 1764 12 1788 11 1242

700 1775 11 1800 12 1260
710 1786 II 1811 11 1278
720 1796 10 1821 10 1296
730 1808 12 1833 12 1314
740 1819 11 1844 11 1332

750 1830 11 1855 11 1350
760 1841 11 1866 11 1368
770 1852 11 1877 11 1386
780 1863 11 1887 10 1404
790 1874 11 1898 11 1422

800 1885 11 1 2 10 1907 9 1440
850 1937 52 1960 53 1530
900 1987 50 1 2 11 2008 48 1620
950 2036 49 2057 49 1710

1000 2084 48 1 2 11 2105 48 1800

1050 2129 45 2151 46 1890
1100 2175 46 2 2 12 2197 46 1 3 11 1980
1150 2219 44 2240 43 2070
1200 2262 43 2 3 13 2284 44 2 2 12 2160
1250 2304 42 2326 42 2250

1300 2346 42 2 3 14 2367 41 2 3 13 2340
1350 2388 42 2408 41 2430
1400 2426 38 1 2 14 2447 39 1 2 12 2520
1450 2465 39 2486 39 2610
1500 2504 39 3 3 15 2524 38 3 3 14 2700

1550 2541 37 2561 37 2790
1600 2577 36 2 3 14 2598 37 2 3 13 2880
1650 2613 36 2634 36 2970
1700 2649 36 1 2 14 2670 36 1 2 13 3060
1750 2685 36 2704 34 3150

Table 1510.09 VELOCITY OF SOUND (a in ft/sec) for dry and moist air
(Continued) (See Section 1500.3 for definition of residuals)



NAVORD REPORT 1488 (Volume 5) HANDBOOK OF SUPERSONIC AERODYNAMICS
1510.09-19 Properties of Gases 1 August 1953

10.0 Atmospheres Pressure 40.0 Atmospheres Pressure

a Residuals, for mole a Residuals, for mole
% moisture content % moisture content

T a 0.1 1.0 5.0 a . 0.1 1.0 5.0 T
(-K) (°R)

1800 2683 35 1 4 17 2703 37 1 2 16 3240
1850 2716 33 2739 36 3330
1900 2750 34 1 2 16 2774 35 2 3 17 3420
1950 2784 34 2808 34 3510
2000 2816 32 0 2 16 2840 32 1 2 16 3600

2050 2848 32 2873 33 3690
2100 2880 32 0 1 14 2905 32 0 2 15 3780
2150 2910 30 2935 30 3870
2200 2940 30 - I - 1 13 2964 29 - 1 0 14 3960
2250 2970 30 2995 31 4050

2300 2998 28 - 1 0 13 3024 29 - 1 1 14 4140
2350 3026 28 3052 28 4230
2400 3054 28 - 2 - 2 10 3081 29 - I - 1 12 4320
2450 3081 27 3109 28 4410
2500 3108 27 - 3 - 1 9 3137 28 - 1 - 1 11 4500

2550 3135 27 3166 29 4590
2600 3161 26 - I - 2 10 3193 27 - 1 - 1 11 4680
2650 3187 26 3220 27 4770
2700 3213 26 - 2 - 2 10 3248 28 - 1 - 1 11 4860
2750 3239 26 3274 26 4950

2800 3264 25 - I - 1 10 3100 26 o - 1 9 5040
2850 3289 25 3326 26 5130
2900 3313 24 - I - 1 9 3350 24 - 1 - 1 8 5220
2950 3338 25 3375 25 5310
3000 3362 24 1 2 15 3398 23 - 1 1 12 5400

3100 3413 51 3 3 17 3443 45 2 3 15 5580
3200 3465 52 4 4 25 3494 51 1 3 15 5760
3300 3519 54 3 7 31 3543 49 1 4 21 5940
3400 3574 55 4 11 40 3594 51 2 7 26 6120
3500 3634 60 8 13 46 3647 53 7 7 29 6300

3600 3696 62 7 15 56 3700 53 7 9 35 6480
3700 3761 65 12 16 69 3755 55 7 12 41 6660
3800 3830 69 10 19 78 3812 57 8 16 49 6840
3900 3902 72 13 22 89 3871 59 8 17 58 7020
4000 3976 74 13 23 102 3932 61 9 17 66 7200

4100 4051 75 12 27 113 3996 64 8 19 74 7380
4200 4128 77 15 27 126 4061 65 13 20 83 7560
4300 4204 76 16 31 138 4129 68 12 23 94 7740
4400 4280 76 15 34 149 4198 69 13 26 104 7920
4500 4356 76 18 33 162 4269 71 15 27 118 8100

4600 4431 75 19 36 169 4341 72 16 26 126 8280
4700 4505 74 17 39 162 4413 72 13 30 137 8460
4800 4579 74 20 38 188 4484 71 14 29 146 8640
4900 4652 73 21 37 195 4554 70 17 34 159 8820
5000 4728 76 22 38 200 4628 74 15 34 164 9000

Table 1510.09 VELOCITY OF SOUND (a in ft/sec) for dry and moist air
(Continued) (See Section 1500.3 for definition of residuals)



1August 1953 Velocity of Sound 1510.09-200

70.0 Atmospheres Pressure 100.0 Atmospheres Pressure

a Residuals, for mole a Residuals, for mole
% moisture content % moisture content

T a . 0.1 1.0 5.0 a 0.1 1.0 5.0 T
(K) I (OR)

1800 2721 36 0 1 15 2738 34 0 0 14 3240
1850 2756 35 2772 34 3330
1900 2789 33 2 3 16 2806 34 2 3 15 3420
1950 2822 33 2838 32 3510
2000 2855 33 1 2 15 2870 32 1 2 14 3600

2050 2886 31 2900 30 3690
2100 2920 34 0 2 15 2933 33 0 2 14 3780
2150 2950 30 2963 30 3870
2200 2981 31 - 1 1 14 2994 31 0 1 13 3960
2250 3011 30 3024 30 4050

2300 3040 29 - 1 1 13 3054 30 - 1 1 12 4140
2350 3070 30 3083 29 4230
2400 3098 28 - 1 0 12 3111 28 0 0 12 4320
2450 3127 29 3139 28 4410
2500 3155 28 - 1 - 1 11 3168 29 - 1 - 2 10 4500

2550 3183 28 3195 27 4590
2600 3210 27 - 2 - 2 11 3222 27 - 2 - 2 10 4680
2650 3237 27 3249 27 4770
2700 3266 29 - 1 - 1 11 3276 27 0 0 10 4860
2750 3292 26 3304 28 4950

2800 3319 27 0 0 10 3330 26 0 a 10 5040
2850 3344 25 3356 26 5130
2900 3369 25 0 0 10 3381 25 1 0 11 5220
2950 3393 24 3405 24 5310
3000 3417 24 - 3 1 10 3428 23 - 4 1 9 5400

3100 3464 47 2 2 16 3483 55 2 2 16 5580
3200 3514 50 0 3 12 3533 50 - 1 4 10 5760
3300 3563 49 2 6 18 3581 48 3 6 16 5940
3400 3614 51 3 6 21 3632 51 3 4 19 6120
3500 3664 50 6 6 25 3682 50 6 6 24 6300

3600 3716 52 5 5 28 3733 51 4 4 24 6480
3700 3769 53 4 11 34 3785 52 2 10 29 6660
3800 3823 54 8 14 41 3838 53 8 13 37 6840
3900 3878 55 8 15 51 3892 54 8 13 48 7020
4000 3936 58 8 12 56 3949 57 8 9 50 7200

4100 3995 59 8 18 63 4005 56 9 18 57 7380
42C0 4056 61 11 18 70 4063 58 10 16 62 7560
4300 4120 64 10 21 80 4124 61 10 19 72 7740
4400 4183 63 11 22 89 4184 60 10 20 80 7920
4500 4249 66 14 24 102 42.6 62 12 22 92 8100

4600 4317 68 16 23 109 4312 66 16 22 100 8280
4700 4386 69 12 26 118 4377 65 12 25 107 8460
4800 4455 69 12 26 126 4444 67 11 24 114 8640
4900 4523 68 13 30 138 4511 67 10 27 124 8820
5000 4595 72 9 30 144 4581 70 4 27 131 9000

Table 1510.09 VELOCITY OF SOUND (a in ft/sec) for dry and moist air
(Concluded) (See Section 1500.3 for definition of residuals)



NAVORD REPORT 1488 (Volume 5) HANDBOOK OF SUPERSONIC AERODYNAMICS

1510.10a-1 Properties of Gases 1 August 1953

1510.10 ViscositZ

T A xl07 - T T 1 x107 A T T A x107 A T
( 0 K) (°R) (OK) (OR) (OK) (OR)

100 1.4472 180 500 5.577 79 900 900 8.139 54 1620
110 1.5941 1469 198 510 5.652 75 918 910 8.193 5. 1639
120 1s7375 1434 216 520 5s727 75 936 920 8s247 54 1656
130 1&8776 1401 234 530 5.802 75 954 930 8.300 53 1674
140 2.0145 1369 252 540 5.878 76 972 940 8.354 54 1692

150 2.1482 1337 270 550 5.949 71 990 950 8.408 54 1710
160 2.2790 1308 288 560 6o021 72 1008 960 8.465 57 1728
170 2.4070 1280 306 570 6.093 72 1026 970 8.519 54 1746
180 2.5321 1251 32& 580 6.164 71 1044 980 8.569 50 1764
190 2.6546 1225 342 590 6.232 68 1062 990 8.623 54 1782

200 2.7747 1201 360 600 6.301 69 1080 1000 8.673 50 100
210 2.8922 1175 378 610 6#369 68 1098 1010 8.727 54 1818
220 3.0073 1151 396 620 6.427 68 1116 1020 8.781 54 1836
230 3.1202 1129 414 630 6.505 68 1134 1030 8.831 50 1854
240 3s2309 1107 432 640 68573 68 1152 1040 8.881 50 1872

250 303399 1090 450 650 6.637 64 1170 1050 8.931 50 1890
260 3.4467 1068 468 660 6.702 65 1180 1060 8.081 50 1908
270 3.5513 1046 486 670 6.766 64 1206 1070 9.032 51 1926
280 3.656 105 504 680 6,031 65 1224 1000 9.082 50 1944
290 3.756 100 522 690 6.896 65 1242 1090 9.17.2 50 1962

300 3.856 100 540 700 6.950 64 1263 1100 9.182 50 1980
310 3s953 97 558 710 7.C21 61 127S IlIC 9.232 50 1998
320 4.050 97 576 720 7.C35 64 1296 1120 9.279 47 2016
330 4.147 97 594 730 7.146 61 1314 1130 9.325 46 2034
340 4.240 93 612 740 7.211 65 1332 1140 9.376 51 2052

350 4.333 93 630 750 7.272 61 1350 1150 9.422 46 2070
360 4.423 90 648 760 7.333 61 1366 1160 9.46z 47 2088
370 4.512 89 666 770 7e304 61 1386 1170 9,51, 50 2106
380 4s598 86 684 780 7.455 61 1404 1180 9.566 47 2124
390 4.688 90 702 79^ 7s512 57 1422 1190 9.616 50 2142

400 40774 86 720 800 7.560 57 1440 1200 9.662 46 2160
410 4.860 86 738 810 7.627 51" 1453 1210 90o09 47 2178
420 4.942 82 756 820 7#68b 61 1476 1220 9.756 47 2196
430 5.025 83 774 830 7.745 57 1494 1230 9.402 46 2214
440 5.107 82 792 040 7.802 57 1512 1240 9,U45 43 2232

450 5.190 83 810 850 7.860 58 15-.0 12-Q 9,8•2 47 2250
460 5.268 78 828 860 7.917 57 1548 1260 96938 46 2268
470 5.344 76 846 870 7.974 57 1566 1270 9,905 47 2286
480 5.423 79 864 880 8.0203 54 1584 1280 i0s031 ".6 23G4
490 5.498 75 882 890 8.085 57 1602 1290 10.078 47 2322

Table 1510.10a COEFFICIENT OF ABSOLUTE VISCOSITY (g in slugs/ft sec) for
dry air



1 August 1953 Viscosity 1510.10a-2

T Mxl07 a T T Mxl07 A T T V xl07 a T
( 0 K) (OR) (OK) (OR) (OK) (OR)

1300 10.121 43 2340 1500 10.Y88 43 2,70s 1700 11.791 39 3060
1310 10.168 47 2358 1510 11e028 40 2718 1710 11.831 40 3078
1320 10.211 43 2376 1520 11.071 43 2736 1720 11#870 39 3096
1330 10.257 46 2394 1530 11.114 43 2754 1730 1ii909 39 3114
1340 10.300 43 2412 1540 11.153 39 277Z 1740 11.945 36 3132

1350 10.343 43 2430 1550 11.193 40 2790 1750 11.985 40 3150
1360 10*386 43 2448 1560 11.232 39 2806 1760 12o024 39 3168
1370 10.433 47 2466 1570 11.275 43 2826 1770 12.064 40 3186
1380 10.476 43 2484 1580 11.315 40 2844 1780 12.099 35 32C4
1390 10.519 43 2502 1590 11.354 39 2862 1790 12.139 40 3222

1400 10,562 43 2520 1600 11.397 43 2850 1800 12.175 36 3240
1410 10.608 46 2538 1610 11.436 39 2898 1810 12.214 39 3258
1420 10.651 43 2556 1620 11.476 40 2916 1820 12.250 36 3276
1430 10o695 44 2574 1630 11.515 39 2934 1830 12e289 39 3294
1440 103734 39 2592 1640 11.555 40 2952 1840 12@325 36 3i12

1450 10.777 43 2610 1650 11.594 39 2970 1850 12.361 36 3330
1460 10.820 43 2628 1660 11.634 40 29dU 1860 12.400 39 3348
1470 10.863 43 2646 1670 11.673 39 3006 1870 12.436 36 3366
1480 10.902 39 2664 1680 11.712 39 3024 1880 12s476 40 3384
1490 10.945 43 2682 1590 11.752 40 3042 1890 12@512 36 3402

1 1900 12.547 35 3420

Conversion Factors for Coefficient
of Absolute Viscosity (W)

To Convert To Having Dimensions Multiply
Tabulated Value of Indicated below by

a x107  A lb F sec ft- 2  1.00000

Sx107 slug ft-I hr-I 3600
with dimensions of l 1 sc 1

slug ft-1 sec-1 slug in sec 0.0833333

ft-1 hr- 1  115,826

lbM ft- 1 sec-1 32.1740

gm cm- 1 sec- 1  478.801

Table 1510.10a COEFFICIENT OF ABSOLUTE VISCOSITY (p in slugs/ft sec) for
dry air (Concluded)



J

1 August 1953 Viscosity 1510.10b-I

SResiduals, for mole
% moisture content

T 0.1 1.0 5.0 T
(OK) (OR)

100 1.466 -. 002 -. 004 -. 029 180
150 2.168 -. 006 -. 011 -. 046 270
200 2.792 -. 004 -. 008 -. 046 360
273.16 3.601 -. 005 - 009 -. 042 491.69
300 3.866 -. 004 -.00 -. 040 540

400 4.783 -. 002 -. 004 -. 025 720
500 5.593 .000 -. 002 -. 014 900
600 6.337 .000 .002 -. 002 1080
800 7.686 .000 .002 .014 1440
1000 .891 .006 .012 .035 1800

1200 9.944 .008 .014 .052 2160
1400 10.967 .004 .013 .061 2520
1600 11.978 .008 .019 .088 2880
2000 13.952 .010 .020 .083 3600
3000 18 .139 .008 .013 094 5400

1 5000 25.209 .042 .062 .188 9000

Table 1510.10b COEFFICIENT OF ABSOLUTE VISCOSITY (A in slugs/ft sec) for
dry and moist air
(See Section 1500.3 for definition of residuals)



NAVORD REPORT 1488 (Volume 5) HANDBOOK OF SUPERSONIC AERODYNAMICS
1510.10c-1 Properties of Gases 1 August 1953

T vxl04 a T T v xl04 a T T v l104 A T
(°) (OR) (OK) (OR) (OK) (°R)

100 *2073 180 500 4s073 138 900 900 10.701 190 1620
110 e2523 450 198 510 4o211 138 918 910 10v892 191 1638
120 .3010 487 216 520 4.351 140 936 920 11.085 193 1656
130 .3533 523 234 530 4.492 141 954 930 11s279 194 1674
140 .4088 555 252 540 4.637 145 972 940 11.473 194 1692

150 .4677 589 270 550 4.781 144 990 950 11.669 196 1710
160 o5298 621 288 560 4.927 146 1008 960 11s866 197 1728
170 *5949 651 306 570 5.074 147 1026 970 12.065 199 1746
180 .6632 683 324 580 5.222 148 1044 980 12.265 200 1764
190 .7344 712 342 590 5.372 150 1062 990 12e466 201 1782

200 .8084 740 360 600 5.524 152 1080 1000 12.667 201 1800
210 .8851 767 378 610 5.677 153 1098 1010 12.873 206 1818
220 e9643 792 396 620 5.831 154 1116 1020 13.079 206 1836
230 1.0463 820 414 630 5.988 157 1134 1030 13.285 206 1854
240 1.1309 846 432 640 6.145 157 1152 1040 13.492 207 1872

250 1.2179 870 450 650 6.304 159 1170 1050 13e699 207 1890
260 1.3073 894 468 660 6.464 160 1188 1060 13.907 208 1908
270 1.3990 917 486 670 6.625 161 1206 1070 14o117 210 1926
280 1.494 95 504 680 6.788 163 1224 1080 140329 212 1944
290 1.590 96 522 690 6o952 164 1242 1090 14s540 211 1962

300 1.688 98 540 700 7.117 165 1260 1100 14.753 213 1980
310 1.788 100 558 710 7.282 165 1278 1110 14.967 214 1998
320 1.891 103 576 720 7.451 169 1296 1120 15.182 215 2016
330 1.997 106 594 730 7.622 171 1314 1130 15.396 214 2034
340 2.104 107 612 740 7.794 172 1332 1140 15.610 214 2052

350 2.214 110 630 750 7.966 172 1350 1150 15.826 216 2070
360 2.326 112 648 760 8.141 175 1368 1160 16.044 218 2088
370 2.438 112 666 770 8.315 174 1386 1170 16o266 222 2106
380 2.553 115 684 780 8.491 176 1404 1180 16.489 223 2124
390 2.670 117 702 790 8.668 177 1422 1190 16.711 222 2142

400 2.788 118 720 800 8.845 177 1440 1200 16.934 223 2160
410 2.910 122 738 810 9.025 180 1458 1210 17.157 223 2178
420 3.031 121 756 820 9.208 183 1476 1220 17.380 223 2196
430 3.155 124 774 830 9.392 184 1494 1230 17.604 224 2214
440 3.283 128 792 840 9.576 184 1512 1240 17.830 226 2232

450 3.411 128 810 850 9.761 185 1530 1250 18.057 227 2250
460 3s540 129 828 860 9.946 185 1548 1260 18.286 229 2268
470 3.670 130 846 370 10.133 187 1566 1270 18.516 230 2286
480 3.801 131 864 880 10.322 189 1584 1280 18.747 231 2304
490 3.93S 134 882 890 109511 189 1602 1290 18.980 233 2322

Table 1510.10c COEFFICIENT OF KINEMATIC VISCOSITY (v in ft 2 /sec) for dry air



1 August 1953 Viscosity 1510.10c-2

T V xl04 A T T P xl04 A T T P'x104 A T
(OK) (OR) (°K) (OR) (*K) (OR)

1300 19.216 236 2340 1500 24.071 252 2700 1700 29.273 270 3060
1310 19.451 235 2358 1510 24.322 251 2718 1710 29.545 272 3078
1320 19.687 236 2376 1520 24.575 253 2736 1720 29.816 271 3096
1330 19.923 236 2394 1530 24.828 253 2754 1730 30.087 271 3114
1340 20.158 235 2412 1540 25.081 253 2772 1740 30.359 272 3132

1350 20.394 236 2430 1550 25.335 254 2790 1750 30.630 271 3150
1360 20.631 237 2448 1560 25.591 256 2808 1760 30.903 273 3168
1370 20.870 239 2466 1570 25.848 257 2826 1770 31.177 274 3186
1380 21.110 240 2484 1580 26.106 258 2844 1780 31.453 276 3204
1390 21.351 241 250.2 1590 26.368 262 2862 1790 31.729 276 3222

1400 21.594 243 2520 1600 26.629 261 2880 1800 32.004 275 3240
1410 21.837 243 2538 1610 26.891 262 2898 1810 32.280 276 3258
1420 22.081 244 2556 1620 27.152 261 2916 1820 32.557 277 3276
1430 22.327 246 2574 1630 27.413 261 2934 1830 32.836 279 3294
1440 22.574 247 2592 1640 27.675 262 2952 1840 33.116 280 3312

1450 22.821 247 2610 1650 27.93,8 263 2970 1850 33.397 281 3330
1460 23.069 248 2628 1660 28.202' 264 2988 1860 33.679 282 3348
1470 23.318 249 2646 1670 28.468 266 3006 1870 33.961 282 3366
1480 23.568 250 2664 1680 28.735 267 3024 1880 34.246 285 3384
1490 23.819 251 2682 1690 29.003 268 3042 1890 34.530 284 3402

1900 34.816 286 3420

Conversion Factors for Coefficient
of Kinematic Viscosity (v)

To Convert To Having Dimensions Multiply
Tabulated Value of Indicated below by

Vx104  xlO4  in2 sec-I 144
2 -1

with dimensions cm2 sec-I 929.034
ft 2 sec- 1  m2 r-1 3342452

Table 1510.10c COEFFICIENT OF KINEMATIC VISCOSITY (P in ft 2 /sec) for dry air
(Concluded)
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1510.1la-1 Properties of Gases 1 August 1953

1510.11 Thermal Conductivity (dry air)

T k A T T k A T T k A T
(OK) (OR) (OK) (OR) (°K) (OR)

400 15.13 31 720 750 24.77 25 1350
410 15.45 32 738 760 25.01 24 1368
420 15.76 31 756 770 25.25 24 1386

80 3.356 144 430 16.08 32 774 780 25.49 24 1404
90 30755 399 162 440 16.38 30 792 790 25.73 24 1422

100 4.158 403 180 450 16.68 30 810 800 25.96 23 1440
110 4.562 404 198 460 16.99 31 828 810 26.19 23 1458
120 4.967 405 216 470 17.29 30 846 820 26.42 23 1476
130 5.371 404 234 480 17.58 29 864 830 26.66 24 1494
140 5.772 401 252 490 17.88 30 882 840 26.89 23 1512

150 6.173 401 270 500 18.17 29 900 850 27.11 22 1530
160 6.569 396 288 510 18.46 29 918 860 27.33 22 1548
170 6.966 397 306 520 18.75 29 936 870 27.56 23 1566
180 7.359 393 324 530 19.03 28 954 880 27.78 22 1584
190 70748 389 342 540 19.31 28 972 890 28.00 22 1602

200 8.134 386 360 550 19.59 28 990 900 28.22 22 1620
210 8e516 382 378 560 19.87 28 1008 910 28.44 22 1638
220 8o896 380 396 570 20.15 28 1026 920 28*66 22 1656
230 9.273 377 414 580 20.42 27 1044 930 28.88 22 1674
240 9.644 371 432 590 20.69 27 1062 940 29.10 22 1692

250 10.013 369 450 600 20.96 27 1080 950 29*32 22 1710
260 10.378 365 468 610 21.23 27 1098 960 29.52 20 1728
270 10*739 361 486 620 21.49 26 1116 970 29.74 22 1746
280 11.09 35 504 630 21.81 32 1134 980 29.95 21 1764
290 11.45 36 522 640 22.01 20 1152 990 30.16 21 1782

300 11.80 35 540 650 22.27 26 1170 1000 30.37 21 1800
310 12.15 35 558 660 22.53 26 1188
320 12.49 34 576 670 22.79 26 1206
330 12*83 34 594 680 23.04 25 1224
340 13.17 34 612 690 23.29 25 1242

350 13.50 33 630 700 23.54 25 1260
360 13.84 34 648 710 23.79 25 1278
370 14.17 33 666 720 24*03 24 1296
380 14.49 32 684 730 24*28 25 1314
390 14.82 33 702 740 24.52 24 1332

Conversion Factors for Coefficient
of Thermal Conductivity (k)

To Convert To Having Dimensions Multiply
Tabulated Value of Indicated below by

k k lb F hr- 1 aR- 1  1.00000

with dimensions of Btu ft- 1 hr-I aR-I 1.28593 x10- 3

ft lbF ft-I hr- 1R- cal cm-1 sec- 1 °K-1 5.31575 x10-6

joule cm- 1 sec-1 °K- 1  2.2241 x10-5

I_- I erg cm sec-1 0K-1 222.411

Table 1510.11a COEFFICIENT OF THERMAL CONDUCTIVITY (k in ft-lb /ft-hr-OR)
for dry air F



1 August 1953 Thermal Conductivity 1510.1lb-10

k at Pressure, Atmosphere

( 0.01 0.1 0.4 0.7 1.0 T(°K) (° R)

100 4.10 4.30 4.32 180
150 6.35 6.35 6.36 270
200 8.19 8.19 8.19 360
273.16 10.56 !0.56 10.57 491.69
300 11.35 11.35 11.35 540

400 14.13 14.13 14.13 720
500 16.73 16.73 16.73 16.73 900
600 19.24 19.24 19.24 19.24 1080
800 24.10 24.10 24.10 24.10 1440

1000 28.73 28.73 28.73 28.73 1800

1200 32.92 32.92 32.92 32.92 2160
1400 37.12 37.12 37.12 37.12 2520
1600 41.50 41.46 41.44 41.44 2880
2000 52.34 51.34 51.09 50.96 3600
3000 189.0 143.1 128.3 120.1 5400

5000 679.1 602.1 550.8 9000

k at Pressure, Atmospheres

T 4.0 7.0 10.0 40.0 70.0 100.0 T
(°K) O(R)

100 180
150 6.42 270
200 8.23 9.6 360
273.16 10.59 491.69
300 11.37 11.63 540

400 14.14 14.24 720
500 16.73 16.73 16.73 16.74 900
600 19.24 19.24 19.24 19.26 1080
800 24.1 24.1 24.1 24.1 24.12 1440

1000 28.73 28.73 28.73 28.73 28.73 1800

1200 32.92 32.92 32.92 32.94 32.94 32.93 2160
1400 37.12 37.12 37.12 37.13 37.13 37.13 2520
1600 41.44 41.44 41.44 41.42 41.41 41.42 2880
2000 50.64 50.57 50.55 50.47 50.45 50.43 3600
3000 96.79 90.71 87.59 79.37 77.19 76.04 5400

5000 375.3 323.7 297.1 228.7 210.3 199.6 9000

Table 1510.11b COEFFICIENT OF THERMAL CONDUCTIVITY (k in ft-lb F/ft-hr-OR)
for dry air (Concluded)



1 August 1953 Prandtl Number 1510.12-1

0
1510.12 Prandtl Number (dry air)

2 1 1 2 1 1

T (NPr) (Nr (NPr) T T N (Nr • (Npr) (Npr) 2  T(oK) N~r(OR) (OK) Nr(OR)

100 .770 .841 s916 o877 180 550 *680 .774 *879 *825 990

110 .769 *840 *916 e877 198 560 .680 s774 *879 *825 1008

120 o766 .837 .915 o875 216 570 s680 .774 @879 a825 1026

130 e764 .836 .914 .874 234 580 s680 9774 *879 e825 1044

140 .761 .834 *913 *872 252 590 .680 e774 .879 *825 1062

150 .757 *831 .911 .870 270 600 o680 .774 .879 *825 1080

160 .754 *828 .910 o858 288 610 .681 .774 .880 *825 1098

170 .750 o826 .908 .866 306 620 .681 .774 .880 .825 1116

180 .746 .822 .907 .864 324 630 .681 s774 .880 .825 1134

190 .743 .820 .906 .862 342 640 .682 .775 *880 .826 1152

200 .739 .817 .904 .e60 360 650 .682 .775 .880 .826 1170

210 .736 .815 .903 .858 378 660 .682 .775 .880 .826 1188

220 .732 .812 o901 .856 396 670 .682 o775 o880 .826 1206

230 .729 .810 .900 .854 414 680 .683 .775 .881 @826 1224

240 .725 .807 .898 o851 432 690 .684 .776 .881 .827 1242

250 .722 .805 .897 .850 450 700 .684 o776 s881 .827 1260

260 .719 &802 e896 .848 468 710 .684 .776 .881 .827 1278

270 e716 *800 o895 e846 486 720 .685 .777 o882 s828 1296

280 .713 .798 .893 .844 504 730 .686 .778 .882 .828 .1314

200 o710 t796 .892 @843 522 740 .686 .778 .882 .828 1332

300 .708 .795 .891 .841 540 750 .687 .779 .882 .829 1350

310 0706 o793 .890 .840 558 760 .687 s779 .882 .829 1368
320 .703 *791 s889 s838 576 770 .688 e779 .883 o830 1386

330 .701 .789 s888 o837 594 780 .688 .779 .883 .830 1404
340 .699 *788 o887 .836 612 790 .689 0780 s883 .830 1422

350 .697 .786 o887 s835 630 800 .689 .780 .883 .830 1440

360 o695 s784 .886 .834 648 810 s690 .781 .884 .831 1458
370 .693 .783 .885 .832 666 820 .690 .781 .884 .831 1476

380 .691 .782 .884 .831 684 830 .691 .782 o884 .831 1494
390 .690 .781 .884 .831 702 840 .692 .783 .884 .832 1512

400 .689 .750 .883 .830 720 850 .693 .783 .885 .832 1530

410 .688 #779 .883 o830 738 860 .693 .783 .885 .832 1548

420 .686 .778 .882 .828 756 870 .694 .784 .885 .833 1566

430 .685 s777 .882 .828 774 880 .695 .784 .886 s834 1584
440 .684 .776 .881 @827 792 890 .695 .784 .886 .834 1602

450 .684 .776 .881 .827 810 900 .696 .785 .886 .834 1620

460 .683 o775 .881 .826 828 910 .696 .785 .886 .834 1638

470 .682 o775 .880 .826 846 920 .697 .786 &887 .835 1656
480 .681 #774 .880 .825 864 930 .697 .786 .887 .835 1674
490 .681 *774 .880 .825 882 940 .698 .787 .887 .835 1692

500 .680 .774 .879 .825 900 950 .699 o788 .887 .836 1710

510 .680 s774 .879 .825 918 960 .700 .788 .888 *837 1728

520 .680 #774 .879 .825 936 970 .700 .788 .888 .837 1746

530 .680 0774 .879 s825 954 980 .701 .789 .888 .837 1764

540 .680 .774 .879 .825 972 990 .701 .789 *888 .837 1782

1000 .702 .790 .889 .838 1$00

O Table 1510.12 PRANDTL NUMBER (Npr) for dry air



1 August 1953 Dew Point 1510.13-10
1510.13 Dew Point (dry air)

T p xlO5 H-U 0  ST TT T 0•. T
(OK) (atm) (l s) x 10-6 ( ft 3  O(R)

ft(ft-b bF\ \slug/

ýslug /

0 .18 1 7772 .74683 35248 126
0 .77 6.778 .84168 33499 144

90 2.31 18.722 .92139 32216 162
100 5.44 42.01 .97904 31210 180
110 11.6 90.42 .99012 30167 198

120 19.4 154.49 .98462 29474 216
130 31.9 292.0 .87073 28413 234

0 Table 1510.13 DEW POINT for dry air
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1510.14-1 Properties of Gases 1 August 1953 0
1510.14 Isentropic Changes

Constant Entropy. ST-so = 0

T P P/Po U a T
(OK) (atm) 0T (ft ft (OR)(f tlbF') \sec) sec

k slug/
273.2 1.0000 1.000 2.5367 109l.. 0 491.7
300 140C3 1.275 2.2654 1142s. 271.39 540
400 3.8403 2.618 3.0408 1316.3 l115.3 72C
500 8.4463 4.o 9 3.8274, 1409.6 i 0
600 16.366 7.36g 4.6320 10. 2 6 Co0C.7 10cc
700 260819 11*04 5*4606 1741i & •35 2C
800 47o554 15.03 6031i3 ! ýLk2 =' 0"17.4 14-0
900 74o506 21o91 7.1Qc'0 1Jj. 4,cL . 16 Q

ft-lb F cal
Constant Entropy. ST-So = 5.0040 x 10 slugýR (or, 0.2 cal-*

T P P/Po UT a a T

slug I

273.2 .054257 o05422 2.0610 762.5 491.7
330 *076220 .36936 2.2681 1141.7 -25ico5 540
400 *20696 .1426 5o043C 1313.6 -16i313 720
500 .46277 .2526 3.o360 140>@5 - 739.47 500
600 .89596 .4074 4.646C Ib57o4 - 126.33 i063

615.1 .lco .4355 4.7711 1616.5 0 I107.2
700 1.S5 .6173 o.42.518 1716.06 •Z o 1260
830 2.6212 .0935 6.3411 1831.3 i 141!-C
900 4.1406 1.253 7.2256 1436. 12676.0 1620

1000 6.2654 1.704 J.1340 2QD.• 14u6,2 10-3

lIQ0 9.1873 2.266 9.0653 2135.G 30ý3.0 i950
1203 135081 2.95D 10.012 2 32. 1 60!o1 , 1611
1300 16.197 3.79)7 1Z.*80 2310.0 2i,-C* 4  i"54
1400 24.802 4.803 11.966 23'37.53 *1775 v 5:
1500 33.381 5.997 12.970 24o1.Q 53;1.2 2700

1600 44.222 7.405 13.992 2563.3 5855.c 2660
1700 57.830 9.0 70 15.032 2645.0 o3bl. 2  3u60
1800 74o545 11.00 160090 2725.4 --j.O 32410
1900 95.C02 13324 17.167 260•.5 7411.4 2420
2000 119o64 15.60 18.263 2884.2 7915.0 3600

2100 149.55 18.7i 19.375 2963.9 o4i6.6 3760
2200 184.99 22.12 20.512 2045.3 1`0.1167 3960

Table 1510.14 ISENTROPIC CHANGES for dry air



1August 1953 Isentropic Changes 1510.14-2

ft-lbF
Contat ntop. -S 10.0080 x 10 F. 04 caTosatEnrp.So cu (or, gin vK

T P p/po U T a a'T
(OK) (atm) 0(ft-lb) (f) ft)N (OR)

500 .025093 .013-70 3.&336L 14603. 'JCO
600 s048617 .02212 4.0;477 1 -'.½0.6 1Q83
730O .085800 .0;3346 3.4327 1717.2 ' 12,3,
8600 .14219 .0`4:32 6.3'42ý 1629e4 3 12 1'~
90ý0 o22394 .00ý792 7 ,22 7 -1 1 --33. @4 -37.0

1100 .4D737 ole34 * .0ý7 1 2 1 i .#3 -116 7. s b
1200 *7 1,;12 61r,15 1 0.0 tý7 222.'.. 14 * 2 4.3 ki0 133 *96649 .2 75 10*.) 87 220-9.5 - 79 2I. 3

1400 1.3471 .2625 11.9--74 2361o2 2322
150C0 1.80.7 G3 32 cj0 12.51 2459. e3 10-77.4 730
1600 2e3602ý7 .4u74 14.00:5 25B5.1 16i116')
1700 3.a122Lý6 .502 15 @ND45 2635.3 2-141.7 ~:
1800 443213 460:1 1.6sll1 2 6 7 6 0. 26.a ;0

19ý00.15 .75 1791-54 2746.7 3-171.6 3420

200,ý0 6 4'j30ý a 4 160.30,0 2613s.0 36o,6.0 Dc'Qo
2100 .131 d I %'; 11).427 2b77.3- '105 04 .3 7,)
2230 10. 163 1.257 20.577 29ý40.a0 6'9 5 3 360
2300 12.575 1-6 2 .'*754 30. 1.29 4140

2430O 13*476 1.751 2ý4-8 3059.4 50:.3.] 4+3
2500O 1,D6050 24k367 24&191 3117.4 -3e 26
2600c 23.246 2*423 -5*45c-4 3174.5 6j7t3.4 46.
2 70 C,30 2.83b e6.750 3231.3 7202.3
2800 -34.263 3.312 2 30.079 3 k 3 7711.9 .34+

2900 '+!o419 3.3 * 5 9 +ý 334.3 O21jly.
33000 p.4 4.511 -3%0.o34 c i7 -+;57 3 400
3100 60.1 5' 5.222 326264 3 45- 7.7 5
32030 72*35i 6.046 33.*72 -517 37--3*5 5
3 330 0' a7 17 6.986 35.216, -57D.C.

3430 133e97 8.0'90 3;6*7z6 365 i-13600 6-1
3500 124..>: D4336 '363C4 363 1133 6300)
3600 147*75 10.76 30.0-66 -A63 112-3 b,+3,3
3700ý 170' 12.35 41.496 3320- 123ý79 53
3600 2 V'6.*6 7 14e16 4'3.*11 ) _ 36. 1290ieý-i ,7 6

3900 242.94 16.14 44.745 3-967 134,-3 7
431;0 264.0'4 1.346.374 4042 i33ý'26 720Z0
41003 331.29 2,.'73 4s.03O4 4114 14441 736C;
'+200 364.92 23.'46 4 9.e66 6 -I 150 149'+9 75-60

Table 1510.14 ISENTROPIC CHANGES for dry air (Continued)
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1510.14-3 Properties of Gases 1 August 1953

ft-lbF a
Constant Entropy. S -S = 15.0120 x 03 slgO (or, 0.6 cal

T 0 slug R orK.6--)

T P P/Po U a o T
(OK) (atm) p/pt T lb a t OR)

1200 *038358 .008726 10o017 2213.6 2160
1300 *053432 *01122 10#967 2296#6 -0146.6 2340
1400 *072877 e01421 11.974 236o02 -5593.5 2520
1500 .097975 e31783 12.982 2456.0 -i;ý'4.3 2700
1600 @12924 e02205 14.007 2533.5 -1'514o1 2630

1700 &16877 .02710 15.053 2612.2 -3;9oa2 3060
1.800 .21782 *03303 16.121 2674.5 -3.6!.0 3240
1900 .27895 .04007 17.215 2741.1 -295.O 3421:
2000 .35393 .04629 18.339 LSj3.5 -2420.3 3600
2100 .44514 .35783 >J.500 2564.2 -1909.4 1763

2200 o56042 e06947 20*700 2922o2 -13786 39630
2300 @70088 @08306 21.9531 2977.4 - o51.7 '14z'
2400 o87652 @09947 23.264 3030.2 - 3i0.4 '320
2455.7 1.000 .1102 24a033 3059.0 0 4420.3
2500 1#0981 .1195 24.645 3082.0 250.3 4500

2600 1.3713 .1433 26*095 3134.2 815.6 466C
27n0 1.7223 .1730 27.624 3166.0 1410.8 4-60
2830 2.1586 020a6 29.230 3238.2 2010.5 5303
290C 2.7094 .2522 300917 3291 2630.2 =2,
3000 3.3976 .3049 32.671 3346 3260.5 5400

3100 4o2578 .3637 34.48S 3402 3901.2 5560
3200 503231 .4451 36.363 3458 4546e9 5760
3300 6.6510 o5373 38.292 3514 5203.4 5940
3400 8.2922 .6476 40.272 3573 5t65.1 4120
3500 10.318 o7792 42.289 3632 66ý1 6 6300

3600 12.776 #9331 440344 3694 7192.2 6460
3700 15s751 1.114 46@414 3753 751i.4 e660
3800 19.236 1.319 48.499 3516 8490.8 6o40
3900 23.477 1.562 50.580 3875 9140.7 7020
4000 28s487 1.840 52.683 3937 9781.8 7200

4100 34.351 2.155 54.800 3999 10408 7360
4200 41.389 2.523 56.917 4062 11043 7560
4300 49o539 2.935 59.024 4124 11662 77-C0
4400 59e002 3.395 61.141 4186 12271 7920
4500 69.814 3.909 63.253 4249 12861 8100

4600 82.326 4o482 65.343 4314 13447 8280
4700 96.614 5@114 67.423 4377 14020 8460
4800 113.34 5.835 69.477 4442 14602 8640
4900 132.01 6.616 71.558 4511 15164 8820
5000 153.42 7.489 73o665 458.0 15728 9000

Table 1510.14 ISENTROPIC CHANGES for dry air (Continued)



August 1953 Isentropic Changes 1510.14-4

Constant Entropy. ST-so = 20.0160 x 10 slgF (or, 0.8cal

T~~ (or, 0.8 - -mu--

T P p/p 0  UT a aT(OK) (atm) | ftt-OR)

2500 .375375 8008130 26.2 -_

2600 *10143 01046 28.L96 -u5770- -S

2700 s13689 .01356 303454 34:*, -577ý,*:, 4
2800 s18520 ,01760 32.733 -4(444j ,
2900 *25129 *02,92 35a111 0 -0 -'< . 1>.

3000 o34855 s03052 37*497 - ,42 *i
3100 @45810 033848 40.104 .
3200 @61117 *04ý-47 42.675 -1'.7.4 .
3300 .80774 006308 45,284 ý54ý - 45.0 .
3375.6 1.000 .07559 47s256 3596 0 (5

3400 1.0619 .08004 47.091 361Z 2C7.C 512-L
3500 1.3802 s1004 50s485 3681 103544 6*4
3600 1.7781 s1248 533079 3753 114".2 64,,
3700 2o2760 s1541 55.660 i816 k6-:•, ý7Ke
3800 2.8897 *1887 50.236 38.5 9.86 1U-.

3900 3@6215 o2293 60.817 3053 41.2o 7, '10
4000 4@5126 .2777 63.379 4019 4246*5 712L
4100 5*5703 s3331 65.928 4088 3683.4 73]
4200 6o8344 .3970 68@464 4150 5406e2 DC~o
4300 8.3330 .4701 70.968 4216 7113.2 7743•

4400 10.098 .5531 73.467 4273 7&,03.5 79)Ž0
4500 12.180 .6476 75.958 4341 3'4b3.2 4.2 ,
4600 14e645 s7558 78.444 41,03 9,15901 2L0
4700 17.522 .8778 80.948 4465 9822.8 £'4634800 20.913 16018 83.456 4528 10483 8640

4900 24s733 1.177 85.987 4583 11140 8820
5000 29s160 1.356 88.536 4646 11i02 9000

Table 1510.14 ISENTROPIC CHANGES for dry air (Continued)
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1510.14-5 Properties of Gases 1 August 1953

3ft-lbFca
Constant Entropy. ST-S° 25.0200 x 10F (or 1. calT slugK

T p P/ Ua a T
(OK) (atm) 0 T f (On

(slug) (sc

3200 *10781 *008288 52e404 3543 5760
3300 .14624 .01086 55e426 3619 -6436.7 5940
3400 *19603 .01405 58o452 3694 -5494.7 6120
3500 o26016 e01798 61.447 3773 -4575.4 6300
3600 o34197 o02277 64.432 3845 -3674.2 6410

3700 *44496 e02853 67.311 3917 -2799.5 6660
3800 .57045 ,03522 70@189 3986 -1966.2 6840
3900 .72455 e04328 73.008 4055 -1137.8 7020
4000 .90779 s05276 75.850 4121 - 328.7 7200
4040.9 10000 .05714 77.016 4147 0 7273.6

4100 1s1331 .06400 78.705 4183 473.4 7380
4200 1.4092 .07726 81.619 4249 1267.4 7560
4300 1.7507 .09312 84.560 4314 2066.6 7740
4400 2@1694 .1119 87.537 4377 2864.2 7920
4500 2.6799 .1340 90.540 4442 3659.1 8100

4600 3o2953 s1597 93*576 4505 4443.6 8280
4700 4.0392 s1897 96.616 4567 5225.1 8460
4800 4#9024 *2246 99.683 4633 6002.6 8640
4900 5.9101 .2646 102.79 4692 6767.7 8820
5000 7.1240 .3114 105.89 4754 7535.4 9000 T

0
Table 1510.14 ISENTROPIC CHANGES for dry air (Continued)



I August 1953 Isentropic Changes lb10.14-6

3 ft-lbF cal

Constant Entropy. ST-So = 30.0240 x 10 s-u- (or, 1.2 c--

T P P/Po UT a T
OK) (atm) ft-lb F) (t) (f t) (OR)

(slugF __________(__sec)_

3900 .15975 *009085 85.478 4134 7020
4000 a20722 .01145 88.982 4199 -6021.3 7200
4100 o26740 .01433 32.495 4258 -5074.1 73S0
4200 .34403 *01786 96,035 4331 -4126.0 756
4300 .44154 .02219 99,642 4395 -3177.3 7743

4400 *56464 .02745 1C3.34 4465 -2236.5 7920
4500 .72339 *034C0 107.08 4534 -1273-6 i100
4600 091911 .04184 110.31 4603 - 325.1 82280
4634.3 1.000 .34491 112.23 4629 0 8341o7
4700 1.1547 .05133 114.76 4675 623.4 8460

4800 1.4460 .06267 118.64 4747 1564.0 8640
4900 1.3043 .07615 122.55 4820 2425.7 8820
5000 2.2459 .09222 126.42 4888 3425.2 9000

3ft-lbF, cal

Constant Entropy. ST-So = 35.0280 x 10 fyjl1  (or, 1.4 cal

T P P/Po UT a T T

(OK) (atm) (ft-lbF• (see) (S)

slug/)

4400 e18851 .008615 122.13 4583 7920
4500 .24787 e01104 126.64 4652 -6998.7 8100
4600 .32146 s01392 131.29 472C -5911.4 828C
4700 .41600 s01749 135.88 4803 -4822.5 8460
4800 *53589 .02184 140.50 4882 -3746.7 5640

4900 .68811 .02714 145.11 4964 -2676.8 8820
5000 @87935 e03351 149.70 5046 -1621.7 9000
5156.5 1.0000 .03720 156.90 5174 0 9281.7

ft-lb F cal

Constant Entropy. ST-So = 40.0320 x 10 f (or, 1.6--a-

T P P//P UT a a T(OK) (atm) (ft-lbF f (f- () oR)

slu g )

4800 .24046 .009114 164.90 5039 8640
4900 .30826 .01142 169.96 5125 8820
5000 @39226 .01417 175.02 5213 9000

Table 1510.14 ISENTROPIC CHANGES for dry air (Concluded)



NAVORD REPORT 1488 (Volume 5) HANDBOOK OF SUPERSONIC AERODYNAMICS
1510.14-7 Properties of Gases 1 August 1953

Constant Entropy. ST-So = 0

T P P/Po UT a T
(OK) (atm) I f/t

ft-lbftF (OR)

273e2 100000 1.0000 1.6199 1092.2 0 491.7
300 1@3867 1*2628 1.8273 1143.7 260.90 540
400 3.8155 2e6013 296053 1317.3 1150.1 720
500 8.4076 4.577 3.3943 1471.1 1937.7 900
600 16#287 7s334 4*2020 1611.2 2664o4 1080

700 28.d%7 11.06 5.0328 1742.8 3352.7 1260
800 47o692 15.90 5.8867 1869.1 4009g5 1440
900 74e859 22.09 6s7644 1992.4 4643.7 1620

3ft-lb F calConstant Entropy. ST-so = 5.0040 x 103t (or, 0.2 --- •c )

T P P/P 0  UT a a T(OK) (atm) (ft-bF) () fft OR)

273.2 s054521 e05448 1.6221 1092.2 491.7
300 .075727 .06891 1.3299 1143.4 -2517.2 540
400 .20834 .1422 2.6097 1314.6 -1627.1 720
500 .46055 .2514 3.4026 1464.6 - 835.46 900
i00 .88162 s4009 4.2158 1599.1 - 120.47 1080

616.93 1.0000 .4327 4.3576 1620.4 0 1110.5
7C0 1.5809 .6160 5.0535 1720.8 592.8 1260
800 2.6208 #8934 5.9155 1832.7 1253.3 1440
900 4.1468 1.255 6.8040 1937.3 1893.7 1620

1000 6o2725 1.706 7.7156 2037.4 2504.6 1800

1100 991993 2.272 8.6483 2132.5 3101.7 1980
1200 13*120 2.968 9.6008 2224.4 3683.7 2160
1300 180317 3.822 10.572 2313.0 4256.9 2340
1400 24.960 4o834 11.562 2398.3 4810.7 2520
1500 33.578 6.032 12.581 2484.6 5351.4 2700

1600 449475 7.1447 13.613 2567.9 5883.5 2880
1700 58.140 9.120 14.661 2650.9 6412.1 3060
1800 75s008 11.07 15.732 2731.3 6933.1 3240
1900 95.927 13.37 16.824 2811.7 7456.3 3420
2000 121.22 16.01 17.941 2890.7 7970.5 3600

2100 151.06 18.96 19.083 2968.8 8466.8 3780
2200 187.56 22.43 20.254 3046.6 8971.8 3960

Table 1510.14 ISENTROPIC CHANGES for air with 0.5 mole % moisture content



1 August 1953 Isentropic Changes 1510.14-8

ft-lbF a

Constant Entropy. S-S = 10.0080 x 10-l F (or, 0.4 cal
To TIj u gg m K

T P P /P U a T
(OK) (atm) 0 (f t-lbF) (s(- ft (OR)

(ft-lF\ see) se) (OR
\slug/

5:0 @,25128 s01372 304031 1464.6 900
.30 *"7715 #C2171 42165, 1597.2 -4393.4 1060

700 .09503 .03355 5,0344 1719.3 -3671.6 1260
.,3 *14290 e04376 5e9177 1330.4 -3007.9 1440

9'20 .22503 .06925 6,3~U, 193a,7 -2374.7 162

1'200 >417C .9327 79717S 2033.5 -1754.9 1800
11o0 ,5"139 o124+ 3.6519 2127.3 -1155.8 1980
12-' a7•317 o1622 9.0048 2213.5 - 579.1 2160
1300 .96356 .2022 I0.570 2301.2 - 4.9 2340
1320.9 12300 a2997 1,)5J7 2301.8 0 2341.6

1400 1.3604 .2651 11.370 2382.5 549.2 2520
1500 18317 .3331 12.580 2461.3 1102.7 2700
1300 2.4172 s4120 13.612 2536.7 1633.9 2880
1700 3o1660 .5078 14.661 2609.2 2171.9 3060
i040 4.0736 @6170 15o731 2679.3 2687.0 3240

1900 5*20`6 .7473 16.822 2747.4 3206.7 3420
230G 6o5877 .8973 17.938 2813.0 3716.9 3600
2100 3.2722 1.073 19.078 2877.9 4225.1 3780
2200 10.343 1.279 20o244 2938.6 4735.2 3960
2300 12.882 1.522 21.438 2999.7 5251.3 4140

2400 15.835 1.791 22.662 3057.7 5743.8 4320
2500 19.056 2.067 23.922 3115.5 6186.0 4500
2600 23.985 2o499 25.209 3173.9 6783.1 4680
2700 29.233 2.930 26o533 3230.3 7293.3 4860
2800 35.591 3.436 27.889 3287 7812.6 5040

2900 43.145 4.017 29o282 3346 8330.4 5220
3000 52e158 4.688 30.707 3399 8851.7 5400
3100 62@893 5.446 32.164 3461 9365.5 5580
3200 75.999 60336 33.641 3520 9893.7 5760
3300 91.269 7.338 35.150 3583 10415 5940

3400 109.38 8.492 36@684 3648 10943 6120
3500 130.39 9.789 38.241 3714 11467 6300
3600 154.51 11.23 39.823 3776 11980 6480
3700 185.60 13.07 41.549 3835 12558 6660
3800 219.46 14.99 43s183 3911 13088 6840

3900 257.94 17.10 44o825 3980 13609 7020
4000 302.04 19.45 46.468 4055 14126 7200
4100 352.94 22.09 48*107 4134 14647 7380

Table 1510.14 ISENTROPIC CHANGES for air with 0.5 mole % moisture content
(Continued)



NAVORD REPORT 1488 (Volume 5) HANDBOOK OF SUPERSONIC AERODYNAMICS
1510.14-9 Properties of Gases 1 August 1953

ft-lbF cal
Constant Entropy. ST-So = 15.0120 x 10i sl-ugF (or, 0.6

T P P/P 0  UT a a T

(OK) (atm) (ft -lbi) ft f (*R)

\slug/

1200 e03892' e.0-854 9.6C53 2215.5 2160

1300 .054479 ,01144 10.579 2299.9 -6107.6 2340

1400 ,074313 ,01449 11.572 2331.6 -5553.s 2520

1500 .099565 .01812 12.583 2459.0 -5012.5 2700

1600 *13176 ,02248 13.613 2534.1 -4474.1 2860

1700 .17176 e02758 14.668 2606.6 -3948.5 3060

18300 22243 s02373 15.747 2675.5 -3417.3 3240

1900 o28573 ,04104 16,854 2740.3 -288555 3420

2000 *36380 #04963 17.995 2802.2 -2359.2 3600

2100 .45833 .05253 19.175 2663@2 -1843.6 3780

2200 s57707 .07151 20*4C4 2920.6 -1313.3 3960

2300 .72640 .08605 21o688 2974.4 - 767.7 4140

24CC .91427 10337 23.034 3028o5 - 207.3 4320

2435.9 160000 .1110 23.543 3046.9 0 4384.6

250C 1.1530 .1254 24.450 3079.4 372.7 4500

2600 1.4357 .1499 25.944 3133.5 927.5 4680

2700 1.9189 .1825 27.513 3186.7 1547.9 4860

2800 2.2823 .2203 29.159 323562 2152.9 5040

2900 2.8924 s2689 30.374 329A 2604.8 5220
3000 3.6346 .3257 32.666 3350 3440.9 5400

3100 4o5544 .3938 34@513 3406 40820' 5580

3200 5.7221 .4777 36,407 3461. 474594 5760

3300 7s1513 @5767 38.359 3520 5402.9 5940

3400 8.9036 e6940 40.362 3579 605997 6120

3500 116099 .8364 42.391 3642 6733.9 6300

3600 13•479 1.002 44.450 3701 7395.7 6480

3700 16.939 10196 46.522 3763 8056.4 6660

3800 20*715 1.418 48.607 3822 6703.4 6840

3900 25.207 1.674 50.706 38a85 .9a42,2 7020

4000 30.696 1.972 52.800 3944 9997.4 7200

4100 37.053 2@320 54.912 4006 10631 7380

4200 44.455 2.704 57.052 4072 11248 7560

4300 53.206 3.145 59.164 4134 11869 7740

4400 63e290 3.636 61.285 4196 12472 7920

4500 75s246 4.2C2 63.366 4262 13085 8100

4600 88.476 4.803 65.469 4327 13658 8280

4700 103.85 5o480 67.545 4390 14234 8460
4800 121.44 6.234 69.617 4455 14803 8640

4900 140.07 6.999 71.769 4521 15323 8820

5000 164.07 7.987 73.814 4583 15924 9000

Table 1510.14 ISENTROPIC CHANGES for air with 0.5 mole %moisture content
(Continued)



1 August 1953 Isentropic Changes 1510.14-10

ft-lbF a

Constant Entropy. ST-So = 20.0160 x 10 3 slugR (or, 0.8 cal

T P P/Po UT a fT
( 0 K) (atm) 0 t ( 0 R)(ft-lbF (;Tc) -e)

2500 *080867 .008712 269223 3036e7 4500
260' .10941 .01129 28.277 3092.8 -6346.8 4680
2700 614911 e01475 30e461 3152.9 -5512.1 4860
2,300 e20173 .01914 32*771' 3214*6 -4682.1 5040
2900 o27289 e02484 35.188 3276.9 -3835.9 5220

3GO0 *37031 e03234 37s666 3346 -2961.9 5400
3100 .49751 s04171 40.213 3412 -2102.7 5580
3200 .66319 005361 42.791 3461 -1237.2 5760
3300 o87807 .06847 45.392 3550 -277e3 5940
3400 1.1531 @08675 46.013 3619 470.8 6120

3344*3 1 000c e07615 46.554 3579 0 6019.7
3500 1.5018 .1090 50e607 3686 1505.8 6300
3600 1.9328 .1353 53.210 3757 2108.6 6460
3700 2.4784 s1673 55*7,36 3625 2913.7 6660
3800 3.1353 204•2 5b.369 3694 3684.0 6840

3900 3.9277 #24(5 60*'•'74 3963 4455.7 7020
4000 4.8887 300ý5 63.550 4029 5214.6 7200
4100 6.0463 .3610 660090 4098 5960.0 7380
4200 7.4339 s4310 68.617 4160 6690.9 7560
4300 9.0390 05C87 71.143 4226 7386.1 7740

4400 10.957 *5%•5 739643 42?-8 b078.1 7920
4500 13.220 e7007 76@124 4554 8759.5 8100
4600 15.876 06161) 7,6@19 4416 9430.1 8280
4700 19.060 .9513 61.096 4475 10110 8460
4800 22.604 101OC 83o632 4537 10762 8640

4900 27.425 1030o 65.679 4590 11549 8820
5000 31s472 1.462 56.703 4659 12070 9000

Table 1510.14 ISENTROPIC CHANGES for air with 0.5 mole %,moisture content( Cont inued)
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1510.14-11 Properties of Gases 1 August 1953

ft-lb F cal

Constant Entropy. ST-S° = 25.0200 x 10 -u- (or, 1.0 -a)
0slug-R Vm

T P P/po UT a a T

(K) (atm) (t ftl F (t (OR)

3200 e11822 e009085 52.526 3550 5760
3300 .16056 .01191 55o583 3625 -6135o8 5940
3400 .21568 .01543 58.623 3704 -5186.3 6120
3500 e28722 .01980 61.627 3750 -4252.9 6300
3600 #37792 .02508 64o595 3858 -3349.4 6480

3700 .49120 e03137 67.527 3927 -2478.7 6660
3800 o63124 003880 70.405 3999 -1636e5 6840
3900 s79565 @04752 73o251 4065 - 818.9 7020
4000 .99758 .05792 76.097 4131 - 7.9 7200
4001.0 1.0000 .05803 76.102 4131 0 7201.8

4100 1.2443 .07015 78.957 4196 789.7 7380
4200 1.5509 .08482 81@853 4259 1592.5 7560
4300 1.9253 .1021 84.785 4327 2387.1 7740
4400 203777 s1222 87o762 4390 3172.9 7920
4500 2.9392 e1464 90.721 4455 3969.8 8100

4600 3.6036 s1739 93.751 4521 4742.8 8280
4700 403961 e2059 96.778 4580 5511.8 8460
4800 5.3222 .2438 990795 4646 6291.3 8640
A900 6.4300 .2877 102.82 4705 7066.3 8820
5000 7.6932 .3358 105.97 4767 7798.2 9000

Table 1510.14 ISENTROPIC CHANGES for air with 0.5 mole % moisture content
(Continued)



1 August 1953 Isent opic Changes 1510.14-12

Constant Entropy. STS = 30.0240 x 103 ftbF (or, 1.2 cal

T P P/P 0  U a a T
(OK) (atm) (T-lF If~ t ~ fOs)

3800 s13764 .008039 82o371 4075 6840
3900 s17608 *01012 85.803 4144 -6576.8 7020
4000 .23060 .01272 89s225 4216 -5621.7 7200
4100 e29614 .01583 92.680 4275 -4692.6 7380
4200 .37837 .01958 96.215 4344 -3776.9 7560

4300 .45507 .02429 99.750 4409 -2833.0 7740
4400 .61928 602990 103.39 4478 -1896.0 7920
4500 .78989 s03697 107.11 4547 - 951.8 8100
4600 .99601 *C4535 110.91 4619 - 15.1 8280
4601.6 1.0000 .04550 110.97 4619 0 8282.g

4700 1.2484 .05546 114.73 4688 921.3 8460
4800 1.5649 .06771 118.53 4760 1864.2 8640
4900 1.94C3 *08173 122.48 4829 2767.1 8820
5000 2*4087 s09867 126.31 4898 3683.1 9000

ft-lbF a

Constant Entropy. S -S = 35.0280 x 10F3 slu FR (or, 1.4 cal
T~lu o T o, m K

T P P/P 0  UT a T
(OK) (atm) (T ib ft) ft) (OR)

4400 .20327 .009292 121.91 4593 7920
4500 e26581 .01183 126.44 4662 -6157.1 8100
4600 .34477 .01491 131.01 4738 -5067.9 8280
4700 o44654 .01874 135.54 4813 -3976.4 8460
4800 .57523 .02337 140.12 4892 -2906.5 8640

4900 .73826 .02904 144.67 4974 -1834.6 8820
5000 e93925 .03568 149.32 5056 - 801.5 9000
5080.3 100000 .03754 153.05 5121 0 9144.5

ft-lbF alConstant Entropy. ST- = 40.0320 x 103 g (o, 1.6 c
ST~ ~iug R (or, 1.Fm--

T P P/P UT a 0 T(OK) (atm) (ft-lb) (ft (-) (fR)

\slug/

4800 *25486 @009673 164.25 5046 8640
4900 032731 s01214 169.21 5131 8820
5000 .41558 e01501 174.36 5223 9000

Table 1510.14 ISENTROPIC CHANGES for air with 0.5 mole % moisture content
(Concluded)
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1510.14-13 Properties of Gases 1 August 1953

Constant Entropy. ST-So = 0

T P P/Po UT a T(OK) (atm) (f t-lbF) (st) (ft) (OR)

273.2 1.0000 1.0000 1.1794 1093.2 0 491.7
300 103867 1.2628 1.3873 1144.0 261.05 540
400 308213 2e6055 2.1680 1317.9 1152.6 720
500 8.4323 4.591 2.9595 1472.4 1943.0 900
600 16.125 7o263 3.7699 1612&5 2650.5 1080

700 29.044 11.13 4.6027 1744.4 3366.5 1260
800 48.076 16.03 5.4602 1870.7 4026o9 1440
900 75.186 22.19 6.3411 1993.8 4654.8 1620

ft-~lbF )a
Constant Entropy. ST-S = 5.0040 x 10 -lu-gO (or, 0.2 cal

To0 slug'R gm 'K

T p P/Po UT a a T
(OK) (atm) (ft-lb F) (f- (OR)

273.2 .054784 .054747 1.1817 1093.5 491.7
300 .076217 @069360 1.3902 1144.7 -2523.6 540
400 e21001 e14333 2.1725 1316.3 -1630.4 720
500 .46349 .2530 2.9680 1466.2 - 840.02 900
600 .90010 .4093 3.7837 1600.1 - 102.26 1080

614.4 1.000 .4364 3.9046 1618.8 0 1105.9
700 1.5936 .6210 4.6238 1721.8 590.2 1260
800 2.6422 .9007 5.4894 1834.0 1251.0 1440
900 4&1799 1.265 6.3807 1939.6 1891.7 1620

1000 603459 1.726 7.2949 2038.7 2509.8 1800

1100 903201 2.302 8.2308 2134.5 3110.9 1980
1200 13.292 3o007 9.1873 2225.7 3693.2 2160
1300 18.492 3.859 10.163 2314.6 4259.5 2340
1400 25.279 4e896 11.155 2400.9 4821.2 2520
1500 33o967 6@101 12.168 2485.9 5358.6 2700

1600 45o286 7o581 13.198 2570.2 5907.5 2880
1700 58.992 9.253 14*247 2652.9 6428.1 3060
1800 76.231 11.25 15.316 2733.3 6955.4 3240
1900 97.131 13.54 16.404 2814.0 7468.2 3420
2000 122.73 16.21 17.514 2892.4 7981.3 3600

2100 153.59 19.28 18.644 2971.1 8490.5 3780
2200 191.47 22.90 19.796 3048.9 9008.8 3960

Table 1510.14 ISENTROPIC CHANGES for air with 1.0 mole % moisture content



1August 1953 Isentropic Changes 1510.14-14

ft-lbF cal
Constant Entropy. ST-S° 10.0080 x T0 (or, 0.4g-- -

T P P/Po UT a a T

(.OK) (atm) (ft-lbF• (-) (sft (OR)

slug /-
500 o025440 .01389 2o9682 1466.2 900
600 4049253 .02241 3s7341 1599.4 -4340.2 1080
700 .C87561 .03415 4.6243 1720.1 -3641.1 1260
800 .14474 e04939 :.4908 1832.0 -2985.6 1440
900 .22905 ov69247 6.3821 1936&0 -2342.8 1620

1000 o34839 s09509 7.2976 2034.8 -1719.5 1800
1100 @50864 *1262 8.2344 212799 -1129.9 1980
1200 .72508 e1649 9.1919 2217.2 - 549.5 2160
1295.6 1.0000 .2103 10.126 2299.5 0 2332.1
1300 1.0128 .2126 10.169 2303.1 25.3 2340

1400 13892 o2707 11.164 2384.8 590.9 2520
1500 1.8649 .3391 12.180 2462.9 1137.1 2700
1600 2s4564 .4187 13.213 2538.1 1664.4 2880
1700 3e2176 .5161 14.269 2610.6 2203.1 3060
1800 4s1602 .6301 159344 2682.1 2731.3 3240

1900 5.3190 .7631 16s442 2749.0 3251.3 3420
2000 6s7377 .9182 17.564 2814.6 3766.1 3600
2100 8.4822 1.100 18.713 2878.9 4279.2 3780
2200 10.620 1.313 19#886 2939.6 479403 3960
2300 13.138 1.552 214092 3001.0 5291.3 4140

2400 16.324 1.846 22.328 3058.7 5818.2 4320
2500 20.065 2.176 23.599 3117e4 6325.1 4500
2600 249651 2&568 24&904 3-174.5 6846.8 4680
2700 30.149 3.021 26.243 3231.6 7367.1 4860
2800 36.709 3.543 27.617 3287 7886.5 5040

2900 44o643 4.155 29.029 3346 8415.0 5220
3000 54o244 4.873 30.473 3406 8953.1 5400
3100 65.297 5o645 32.401 3465 9458.3 5580
3200 79e120 6o586 33.449 3527 9997.4 5760
3300 95o270 7.648 34.977 3589 10529 5940

3400 114.17 8.852 36.534 3652 11058 6120
3500 136.17 10.21 38.114 3717 11584 6300
3600 162.16 11.77 39.715 3783 12118 6480
3700 192.66 13.55 41@343 3852 12655 6660
3800 227.96 15.55 42.989 3921 13190 6840

3900 268.09 17.75 44o665 3996 13714 7020
4000 314.90 20.25 46.356 4068 14245 7200
4100 370.92 23.18 48@062 4147 14800 7380

Table 1510.14 ISENTROPIC CHANGES for air with 1.0 mole % moisture content
(Continued)
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1510.14-15 Properties of Gases 1 August 1953

1 ft-lbF cal

Constant Entropy. ST-So = 15.0120 x 103 sl (or, 0.6

T P P/po U a o T
(°K) (atm) ftTlb ft ft (R)

,009053 9,1928 2217.2 2160
1322 .255575 931167 10.170 2301.5 -6084.6 2340

07 .07b79, .01478 11s165 2383.5 -5507.2 2520
.e00 IK3`7 .01863 12.183 2461.6 -4947.8 2700
1600 013Li0 .02305 13s219 2535.8 -4415.0 2880

17... *17662 .02836 14e278 2607.6 -3882.2 3060
e2 .22b50 @03465 15.363 2676.2 -3353.0 3240

i1530 .29366 s04218 16o478 2741.5 -2820.2 3420
*3,325 .05092 17.629 2803.8 -2298.2 3600

2100 *47184 ,36128 18.822 2862&9 -1773.6 3780

.39695 .07397 20e064 2920e6 -1229.0 3960
@3A .75399 008930 21.364 2975e4 - 673.9 4140

2490 .0¾.18 .1073 22.728 3028.2 - 123.4 4320
~~21.6 !,00.O .1118 23s039 3039.7 0 4358.9
2."C Is48 s1299 24&167 3080.4 461.6 4500

2600 lo0e3 .1571 25.684 3132.9 1051.8 4680
2720 1.8976 .1903 27.281 3185.7 1656.8 4860
U 10 24->39 s2319 28.952 3240.5 2293.0 5040~ ;0.- -333 .2818 30.702 3294 2929.1 5220

3.i 333237 .3424 32&521 3350 3576.1 5400

_5i•0 4#6153 e4160 34.396 3406 4233.9 5580
3200 65.362 @5054 36.318 3448 4901.2 5760
33'3: 7.5744 ,5101 380302 3524 555707 5940

9#0 4J327 *7389 40.320 3586 6238o5 6120
- 110356 ed920 42.369 3645 6919.3 6300

•6ýc 14*651 1s067 44e455 3707 7576.1 6480
3,'3 16.034 1.275 46.536 3766 8243.7 6660
7-0D 22o119 1.512 48.639 3829 8891.7 6840

26e963 1.788 500747 3891 953707 7020
32.777 2&110 52o859 3950 10187 7200

410i 39s531 2.471 54.989 4016 10816 7380
42-0 47.565 2e888 57.124 4078 11447 7560
4300 346'J5 3e344 59.267 4144 12050 7740
4400 670763 3.884 610371 4206 12675 7920
45>3 806169 4.467 63.474 4268 13268 8100

4680 94.61i 5.122 65o568 4334 13856 8280
47%0 110.c2 5.835 67o653 4403 14425 8460

300 129.34 6o648 69o716 4468 15004 8640
4>30 151.19 7o537 71.796 4537 15569 8820
500 175.42 8.518 73.922 4610 16129 9000

Table 1510.14 ISENTROPIC CHANGES for air with 1.0 mole% moisture content
(Continued)



1 August 1953 Isentropic Changes 1510.14-16

ft-lb F cal
Constant Entropy. ST-So = 20.0160 x 10 f (or, 0.8 C-a-l

T p P/P, UT a T
(OK) (atm) /ft-lbF) ( ) (-s-) (OR)

2500 #085916 .000252 6.3023 503831 4500
2600 *11656 .31202 26.146 3096.5 -616e*3 4630
2700 *15955 .0.1577 o30390 3156.5 -5339o. 4360
2800 e21671 o02054 32.740 3216.3 -4406.7 5040
2900 s29448 a,2677 35.167 3284. -3634.6 52iZ

3000 039917 &33480 37.651 3350 -2764.6 5400
3100 o53620 .ý4492 40.210 3415 -1901.9 5L"5
3200 .71606 .05783 42.607 3563 -1020.3 5760
3300 .94826 .07365 45.432 3556 - 149.3 5940
3317.3 1.000 *'ý7701 45.337 3566 0 5971.1

3400 1.2478 005372 46.062 3615 704.7 6120
3500 196208 a1174 50.679 3697 152S85 (300
3600 2e0922 *1461 53.282 3760 2344.8 6430
3700 2.6758 .1601 35.694 3832 31194i 6660
3800 3.3886 .2206 56*.47 5896 3922.6 6840

3900 4.2602 .26)4 61e369 3970 4707.7 70C0
4000 5.2961 .3252 63*.672 zi035 5461.3 7203
4100 6.5420 .3900 66.230 4106 6201.8 7260
4200 8e0326 .4648 66.775 4170 6928.1 7560
4300 9.7716 .5436 71.207 4236 7624.7 7740

4400 11.851 .6455 73.796 4301 8318.6 7920
4500 14.327 07570 76.273 4364 9008.6 3101ý
4600 17.209 .8820 7c.768 4426 9660.8 62u0
4700 20s553 1.023 .1286 44D1 10341 8460
4800 24@343 1i184 03o612 4547 11003 8640

4900 28.760 1.367 66.330 4610 11659 6620
5000 33*934 1.574 88.643 4669 12316 9000

Table 1510.14 ISENTROPIC CHANGES for air with 1.0 mole % moisture content
(Continued)



NAVORD REPORT 1488 (Volume 5) HANDBOOK OF SUPERSONIC AERODYNAMICS
1510.14-17 Properties of Gases 1 August 1953

1 3 ft-lbF cal
Constant Entropy. ST-S 25.0200 x 10- 'u (or, 1.0 cal

T p p/p0  UT a f (OR)
(OK) (atm) /ft-lbF ( c) /(t )

slug/

325 o3od o6•• 1ýd~ 561 760

33 o17532 o 1231 55o725 .- U2 -4COý 4
34i+ o2314C C;..166C o,7 77 :3o C) - - oL.5'
3560 .102 0 ,C.1567 61&e-3 -512 7 0:)

37 o5>4- 14o 7.7o721 3'J37 -71•3,6 £0C
3600 e,3:ý259 0,5 •6Z "CO !o, o•

3a ,871C5 .. 26C 7C,4' -C75 - 471, 70fC'
395zo1 . .C555 75.1+5 4114 0 7124i 6
40C0 1.0931 $0653L 7 43 6 i'-44 3 722D

4166 1.3607 .C7703 "T ja1753 '. 1D4.v 750
4260 1,7617 ,15226 21 ,627 '..41 0.746,5 75!
4360 2.1131 sii17 4 .,- "7T, 7,t
44.-0 2s6870 0133b 'ao5-4 , 1.3 514 0o6 1* 0

4500 3e2073 ,i46l 3gu 07 '302.3 t-'iC

4600 3.9272 416:7 63.56 4 5076.; S26C
4700 4.7709 2 23;6,0 43 J D,3 6 Z 460
4800 5o7536 o2;634 2-.o7 , 66c2,3 .64C
4900 6s9125 .3069 1330.0 4715 7.34g91 Lh22
5000 6#3251 03628 1s6,0• 4777 o112,6 .

Table 1510.14 ISENTROPIC CHANGES for air with 1.0 mole % moisture content
(Continued)



I August 1953 Isentropic Changes 1510.14-18

ft-lbF calConstant Entropy. ST-so = 30.0240 x 10 - (or, 1.2 ---
n nroy T olug RgmK

T p p/p° U a a T
(cK) (atm) J (-bý (;R)tc

3800 .15330 40086954 5275o 40::11
3900 419822 @01125 b6.122 416 Q - 13 1.; 7D%0
4000 *25531 s01405 YO,509 4232 -5b8.s 7ZOO
4100 *32705 .01743 62.605 4291 -4279*3 7368
4200 s41748 40215' ,6.373 4357 -336831 7562

4300 o53255 .02656 j;6690 4426 -2442.3 7740
4400 a67J19 #03271 103343 446Z -1516.7 7920
4500 s86032 s04013 107.19 4560 - 59202 6100
4563.6 1.000 .04568 IC9.57 4606 0 8214.5
4600 10797 .04915 11i0.3 4633 339.9 6260

4700 143521 .D6002 114.69 4701 1271.3 8460
4800 1*6&Y6 .07303 1ii.47 477w 2201.4 8640
4900 2s0969 C08b16 122.33 4639 3106.6 0520
5000 2s5961 .1 i 226.1- 4906 4-006.5 5000

ft-lb F cal
Constant Entropy. ST-S = 35.0280 x 10 3-u (or, 1.4 al

;lug R gm.

T p p/o UT a a T
(OK) (atm) t(ft-lbF (S- (S) (OR)

4400 421923 @01U02 121.73 46UU 7920
4500 .28609 .01272 126.23 4672 -5304.8 8100
4600 .37121 *01603 130.72 A747 -4213.2 aeb2
4700 .47677 .02005 1S5.24 :e,23 -2143.0 846C
4800 .61357 .0Z462 139e.0 4D02 -4094s5 6/64C

4900 478d46 .03092 L44*36 4,94 -1020.7 0131C
4998.5 1.000 o03788 146.8E 5066 0 8CQ7 e
50'00 1*0033 .03709 14o695 5065 !4.4 00'0

ft-lbF (or, cal

Constant Entropy. ST-S 40.0320 x 10 (org , 1.6c

T p p/po UT ft (OR)
(OK) (atm) /f t-lb aLt

4700 e20987 .006156 ibc.5O 4977 6460
4800 .26597 C01009 164.13 :052 66,3
4900 934572 .C01232 i66.7: 3100 6623
5000 o43921 1 15 73.30 :k26 9J-

0 Table 1510.14 ISENTROPIC CHANGES for air with 1.0 mole % moisture content
(Concluded)
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1510.14-19 Properties of Gases 1 August 1953

Constant Entropy. S T-so=0

T pp/p, U T a ar
(OK) (atm) (fIfb (T) f

273&2 1.0300o 1 30 -2.4055 1399.4 0 +ý07
300 1.3889 1.265 -23.1926 -,131013 Zb4.'I. -4Z

4(V) 3.3515 2.6(27 -1@3906 1326.5 1160c0cs 720
1300 a*5406 4o651 - o57970 1461e3 -2574.1 -400
60'0 16@700 7s52:5 *25162 1622.0; 271li*6 10;

730 2c5.559 11s34 1*.1073 1753.0ý 3411.4 126ý
6(oo 49.207 16.43 1.5675j 15600.s 40i4*3 14.40

1 00 77@547 722.92 20693(1 2-001.6 1,73lo3 162C

Constant Entropy. S -S =504x103f-lb (or, 0. cal
T o slug R iý

T p p/po UT a T
(OK) (atm) /ft-lbF ( ft ___ OR

F) -sec) (sfec) (R

273.2 s051225 .05718 -2.4024 11ý00.4 49197
300o .0D71613- .07244 -2.11889 1151.06 -2502.6" 540
400 @22115 .1509 -1.3876 1324.5 -1594.2 720'
500) .4s194 .2685 - .57236ý 1475.1 - 767.66 960)
600 s95641 o435 .26450 1609.6 - 40.49- !1080

605.6 10000 .4470 .31276 1617.1 0 19.
700 1.7054 o(5645 1.1271 1732.3 6034.0 i2l60
800 2o8362 .9668 2.0162 1545.1 1334.6 14ý-ý
900 4.5086 19364 2.9321 1950.6 i96843 4623
1000 6.8763 1.870 3.8729 2051.5 2619.7 iO

1100 10.135 2e503 4.8369 2147.0 3231.3 1960
1200 14.499 3.260 5.8209) 2238.8 3824.2. 2350
1300 20.264 4.229 6.8-275 2326.7 4404.8 2.340
1400 27.856 5.384 7.3525 2415..3 4:-977@7 2520)
1500 37.627 6.745 3.8991 2500.0 5531.2 270,-

1600 50.041 8.368 9*9635 2583.0 6079.4 2860
1700 65@834 10.32 11.049 2665.0 6628.3 3060
1800 84.913 12.53 12.156 2747.0 7155.5 Z240
1900 10-9s38 15.25 13.284 2827.e7 7702.7 3420

2e(O 138.03 18.24 14.435 2907.1 8214.19 3600

2100 173.29 21.77 15.610 2957.9 8736o9 3780

Table 1510.14 ISENTROPIC CHANGES for air with 5.0 mole, % moisture content



1 August 1953 Isentropic Changes 1510.14-20

1.00x ft-lbF cal

Constant Entropy. ST-So = 10.0080 x 10 slu (or, 0.4 c--a-

T p p/po UT a o T
(OK) (atm) ((-lF (t) ( ) (R

400 e012665 9008643 -103875 1324.1 720
500 .028173 ,01538 - .57146 1475.1 -4914.4 900
600 .054953 002500 .26567 1609.2 -4164.7 1080
700 .097425 .03799 1.1286 1731.3 -3465.9 1260
800 e16230 .05537 2.0171 1843.5 -2792o6 1440

900 *25808 ,07826 2.9340 1948.2 -2136.8 1620
1000 .39318 e1073 3.8753 2046.6 -1506s6 1800
1100 .57962 e1438 4@8405 2141.3 - 89534 1930
1200 o82848 s1884 5.8268 2230.6 - 302.2 216
1251.5 1.000 .2156 6.3456 2275.3 0 2252.7

1300 1.1618 .2438 6.8338 2316.3 283.1 2340
1400 1.5932 e3104 7.8610 2398.6 852.4 2520
1500 2.1490 @3907 8.9108 2477.4 1413.4 2700
1600 2s8490 .4855 9e9804 2552.5 1959.6 2880
1700 3.7378 .5994 11073 2625.7 2505.6 3060

1800 4.8713 .7377 12.188 2695*9 3058.1 3240
1900 6o2483 .8963 13.329 2763.1 3589.6 3420
2000 7.9452 1.082 14.498 2829.4 4116.1 3600
2100 10e051 1.302 15.697 2892.4 4645.7 3780
2200 12e664 1.564 16@930 2954.4 5182.1 3960

2300 15.846 1.870 18.195 3015.4 5715.2 4140
2400 19.696 2o225 19.498 3074.1 6244.4 4320
2500 24.358 2.639 20o840 3131.9 6773@9 4500
2600 30e128 3.135 22o223 3190.9 7318.2 4660
2700 37.208 3.724 23.645 3248.7 787207 4860

2800 45@535 40389 25108 3307 8410.7 5040
2900 55,916 5.189 26.612 3363 8969.1 5220
3000 68.708 6e124 28.155 3425 9531.8 5400
3100 83.740 7.182 29.739 3488 10082 ;;380
3200 102.23 8.450 31.355 3547 10654 5760

3300 123.82 9.877 33e017 3612 11213 5940
3400 150.12 11.57 34.532 3681 11788 6120
3500 181.07 13.50 36o433 3750 12362 6300
3600 217.20 15.68 38.176 3819 12929 6480
3700 260.73 18.24 39.922 3894 13512 6660

3800 309.21 20.98 41.667 3973 14063 6840
3900 364o66 24.01 43.416 4052 14605 7020

Table 1510.14 ISENTROPIC CHANGES for air with 5.0 mole % moisture content
(Continued)
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1510.14-21 Properties of Gases 1 August 1953

Constant Entropy. S-S 15.0120 x 103 ftlb F (or, 0.6 cal
To slug RgmK

T p. p/po UT a G T

(OK) (atm) 0tlb\ (.;f t.~ (*R)

( lug)

1100 *033185 e008235 4o8405 2140s7 1980
1200 s047437 e01079 5.8263 2228.7 -6252.0 2160
1300 #066393 e01394 6o8365 2314.3 -5670.9 2340
1400 .091456 *01783 7#8633 2397.3 -5090.9 2520
1500 #12294 o02237 8.9144 2474.7 -4538.0 2700

1600 e16327 s02785 9.9881 2550.2 -3987.9 2880
1700 s21492 03450 11.088 2620.7 -3434.4 3060
1800 .27964 e04239 12.217 2689.0 -2887.5 3240
1900 .36161 .05192 13.384 2753.6 -2335.6 3420
2000 e46185 .06298 14.591 2816.3 -1797.9 3600

2100 .58942 .07651 15e847 2875.0 -1243.8 3780
2200 .75078 .09297 17.164 2932.7 - 678.1 3960
2300 .95483 .1130 18.544 2986.9 - 101.7 4140
2317.4 10000 .1169 18.798 2996.4 0 4171.3
2400 1.2138 .1375 20.000 3040.3 489.8 4320

2500 1.5455 s1678 21.540 3092.8 1102.0 45C0
2600 1.9639 .2046 23.171 3147.3 1719.5 4680
2700 2'5116 .2514 24.886 3200.8 2373.4 4860
2800 3:2088 .3089 26.685 3257.2 3038.7 5040
2900 4.1155 .3814 28.564 3314 3731.3 5220

3000 5@2480 .4686 30.520 3369 4419#6 5400
3100 6o6560 .5730 32#552 3428 5103.7 5580
3200 8.5059 #7064 34.623 3491 5827#4 5750
3300 10.780 .8638 36.754 3550 6535.4 5940
3400 13.611 1.053 38.928 3612 7244.4 6120

3500 17.097 1.279 41.092 3671 795307 6300
3600 21e300 1.542 43.302 3737 8645.3 6480
3700 26e417 1.852 45.522 3799 9336.6 6660
38n0 32.654 2.218 47.752 3862 10027 6840
3900 40.157 2.644 49#994 3927 10710 7020

4000 49.028 3e130 52.251 3993 11379 7200
4100 59.574 3.689 54.489 4058 12040 .7380
4200 72.139 4o333 56.727 4124 12699 7560
4300 86o652 5.049 58.948 4196 13335 7740
4400 103.42 5.845 61.163 4265 13954 7920

4500 122.92 6o745 63.334 4337 14571 8100
4600 144.56 7e709 65.514 4409 15154 8280
4700 170.15 8.825 67.640 4482 15756 8460
4800 199.12 10.05 69.779 4557 16345 8640
4900 231.58 11.38 71.959 4639 16915 8820

5000 269.16 12.88 74.152 4724 17495 9000

Table 1510.14 ISENTROPIC CHANGES for air with 5.0 mole % moisture content
(Continued)



I August 1953 Isentropic Changes 1510.14-22

ft-lbF (cal
Constant Entropy. ST-so = 20.0160 x 10" 3 -jv (or, 0.8 ca-l

T p P/P 0  UT a o T(OK) (atm) (T ib)(j L) (R

2400 *087146 *009799 21o532 2997.0 4320
2500 *11942 *01284 23o626 3054.1 -5998.7 4500
.2600 .16434 s01691 25o893 3112.2 -5150.3 4680
2700 o22746 *02241 28e296 3175.8 -4264.8 4860
2800 .31536 *02975 30o824 3239*2 -3356.3 5040

290d *43727 @03949 33.458 3304 -2429.5 5220
3000 *60284 s05234 36.163 3373 -1489.2 5400
3100 .82100 .06858 38a933 3445 - 567.6 5580
3161.4 1.000 a08084 40s646 3488 0 5690.5
3200 1.1126 .08944 41.722 3514 356.3 5760

3300 1.4894 .1152 44.538 3586 1253.3 5940
3400 1.9864 .1478 47o986 3658 2156.8 6120
3500 2.6170 .1872 50.098 3730 3030.8 6300
3600 3.3883 s2342 52.895 3799 3873.0 6480
3700 4.3663 .2924 55.651 3875 4725.4 6660

3800 5o5575 o3605 58.425 3944 5543.3 6840
3900 7.0270 .4415 61.172 4016 6350.1 7020
4000 8.8182 &5364 63.888 4088 7139.4 7200
4100 10s945 @6444 66.554 4157 7895.7 7380
4200 13.484 .7680 69.211 4226 8630.9 7560

4300 16@559 .9124 71.778 4295 9364.5 7740
4400 20.062 1.073 74.395 4360 10068 7920
4500 24&214 1.263 76.994 4429 10782 8100
4600 28o952 1.472 79.606 4495 11465 8280
4700 34o545 1.712 82.168 4560 12150 8460

4800 400900 1o975 84.744 4626 12807 8640
4900 48.227 2.269 87e296 4688 13452 8820
5000 56s696 2s597 89.856 4754 14090 9000

Table 1510.14 ISENTROPIC CHANGES for air with 5.0 mole % moisture content
(Continued)
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1510.14-23 Properties of Gases 1 August 1953

f-tlb cal
Constant Entropy. ST-So = 25.0200 x 10 -uR (or, 1.0 i-V)

T p P/P, UT a a T
(K) (atm) (ft -lb F) (17) i_) (*R)

3000 .11252 *009307 45*658 3438 5400
3100 e16041 *01276 49.058 3514 -5992.4 5580
3200 e2?594 s01727 52*426 3609 -4914.7 5760
3300 *32090 *02352 55*651 3678 -3789*0 5940
3400 *43238 .03038 59.601 3760 -2837.3 6120

3500 s58532 .03936 62*330 3839 -1852.7 6300

3600 *76990 *05019 65*509 3917 - 910.4 6480
3699.3 1*000 *06318 68.585 3993 0 6658*7
3700 10017 &06328 68.608 3993 6.2 6660
3800 1*2884 .07876 71.661 4072 888.8 6840

3900 1.6406 .09694 74*697 4144 1741.5 7020
4000 2*0835 *1189 77*683 4216 2596.1 7200
4100 2.6137 .1440 800682 4288 3410.4 7380
4200 3.2701 .1739 83*668 4360 4224.7 7560
4300 4.0387 @2079 86.636 4429 5009*8 7740

4400 4*9061 *2466 89.554 4498 5771.3 7920
4500 5e9463 .2915 92.463 4564 6529.5 8100
4600 7.1802 .3429 95.386 4629 7276*6 8280
4700 8.6497 .4021 98.318 4698 8019.7 8460
4800 10.378 .4693 101.30 4764 8750.6 8640

4900 12.418 *5460 104.29 4829 9476*4 8820
5000 14*838 .6342 107.30 4892 10204 9000

Table 1510.14 ISENTROPIC CHANGES for air with 5.0 mole % moisture content
(Continued)



1 August 1953 Isentropic Changes 1510.14-24

Constant Entropy. S-S 30.0240 x 3 ft-lb F (or, 1.2 ca

To 3004sx1 9lug R 1. ginvK-

T P P/Po U a o T(K) (arm) If T-lb• ft- f t (R

3500 915108 .009627 75*260 3953 6300
3600 e19886 *01228 78.637 4032 -5910.7 6480
3700 o25884 *01545 81.997 4108 -4974.1 6660
3800 .33552 .01933 85.262 4190 -4045.9 6840
3900 *42874 e02382 88.514 4259 -3162.4 7020

4000 .54638 e02927 91.711 4331 -2277.6 7200
4100 o6936 *03562 94.945 4393 -1421.3 7380
4200 o86108 *04314 98.242 4462 - 573.2 7560
4267.2 1.000 #04904 10C.49 4511 0 7681.0
4300 L*0677 .05217 101.59 4534 281.2 7740

4400 1.3240 .06298 105.00 4600 1141.1 7920
4500 1.6438 .07602 108e44 4669 2013.8 8100
4600 2.0332 .09133 111.93 4738 2876.6 8280
4700 2.5002 .1090 115.47 4806 3721.4 8460
4800 3.0755 .1301 118.99 4875 4578.4 8640

4900 307563 *1541 122.58 4941 5407.8 8820
5000 4.5808 .1822 126.16 5007 6240.5 9000

3ft-lb F cal

Constant Entropy. ST-So = 35.0280 x 103 T (or, 1.4 4. GO

T p P/P* U a a T
(0 K) (atm) if T lbRt

4100 .19206 .009473 109031 4482 7380
4200 .24797 .01189 113.38 4551 -5741.1 7560
4300 s31956 s01487 117.41 4623 -4715.2 7740
4400 s40889 s01844 121.53 4688 -3711.0 7920
4500 .52387 .02288 125.67 4760 -2692.3 8100

4600 .66635 .02816 129.95 4839 -1695.5 8280
4700 .84702 .03461 134.23 4915 - 690.9 8460
4768.7 1.000 .03981 137*19 4967 0 8583.74800 1#0698 a04230 138.54 4990 313.3 86404900 1.3314 .05158 142.90 5066 1300.5 8820

5000 1.6494 s06237 147*28 5138 2269.7 9000

ft-lbF cal
Constant Entropy. ST-S 400320 x 103S (or, 1.6

T p P/P 0  VT T f (
(OK) (atm) (ft-b) s) ( s) (OR-)

4500 .i0271 .008315 145.54 *4888 8100
4600 .26168 .01047 150.53 4964 8280
4700 .33651 .01311 155.47 5039 8460
4800 .43094 .01632 166.43 5118 8640
4900 .54915 .02018 165.42 5203 8820
5000 o69525 .02476 170.45 5282 9000

Table 1510.14 ISENTROPIC CHANGES for air with 5.0 mole % moisture content
(Concluded)
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1510.15-1 Properties of Gases I August 1953

1510.15 Shock Front Conditions

pl = 0.008 T, 273.2*K

T2P p2 2  U1  T
(K) (atm) (f t- 1bl) ( t (R

273.2 16000 @0080059 2.0612 1090.5 491.7
300 1.259 .011068 2.2683 1252.6 540
400 2s218 e025999 3.0459 1858.9 720
500 2s938 s043049 3.8365 2366.8 900

600 3.466 s060940 4.6477 2801.2 1080
700 3o874 .079467 2~87 3187.0 1260
S00 4.204 .098554 6.34;eg 3540 1440
900 4.480 *11816 7e2278 3868 1620
1000 4.717 .13823 8e1367 4173 1800

1100 40925 .15875 1)e0676 4465 1980
1200 5.108 .17963 109017 4744 2160
1300 5.274 .20092 10.987 5010 2340
1400 5s424 s22253 11.974 5266 2520
1590 5s563 .24454 12.981 5512 2700

1600 5s692 s26659 14.007 5755 2880
1700 5.813 .28961 15s051 5988 3060
1800 5.929 e31277 16.120 6217 3240
1900 6a041 s33641 17.212 6440 3420
2000 6a152 .36067 186338. 6663 3600

2100 6s265 s38577 19.506 6883 3780
2200 6.381 .41182 20e725 7106 3960
2300 6.506 @43929 22&019 7333 4140
2400 6s643 .46864 23.405 7562 4320
2500 6s796 .50033 24.917 7802 4500

2600 6.969 s53492 26o578 8054 4680
2700 7*166 s57322 28.426 8320 4860
2800 7.387 s61563 30.488 8609 5040
2900 7.635 .66296 32.601 8914 5220
3090 7a908 .71553 35.382 9242 5400

3100 8s201 s77352 38o239 9587 5580
3200 8.509 s8361)5 41.374 9951 5760
3300 8.0829 .90583 44.77a 10335 5940
3400 9.147 s97923 48.418 10722 6120
3500 9s455 1.0555 52s215 11112 6300

3600 90747 1a1348 56.124 11506 6480
3700 10.015 1.2150 60.105 11893 6660
3800 10.259 l.2952 64.068 12264 6840
3900 10.480 193757 68.040 12621 7020
4000 10.681 1.4562 729031 12979 7200

4100 10e870 1.5377 76s061 13327 7380
4200 11.056 1.6217 80.205 13675 7560
4330 11.239 1.7089 84.515 14032 7740
44')0 11.427 1.8002 89.054 14390 7920
4500 11s624 1.8976 93.878 14764 8100

4600 11a832 2.0021 99s061 15151 8280
4700 12.047 2.1134 104.63 15561 8460
4800 12.276 2.2340 110.63 15987 8640
4900 12s515 2.3638 117.11 16430 8820
5C00 12.760 2s5031 124.08 16896 9000

Table 1510.15 SHOCK FRONT CONDITIONS for dry air



1 August 1953 Shock Front Conditions 1510.15-2

01P0" 1.0 T1 = 273.2°K

S P 2 /P1 P2 U2 uI T(°X(am)(° -bl e R)

slug/ SC

273.2 14O0C 1.0001 2.0587 1091.2 491.7
300 1*2ý9 103829 2,2653 1252o6 540
400 2.215 3o2472 3e0412 1858.9 720
500 2s930 5.3813 3.8306 2368.4 900

600 3@454 7&6190 4.6410 2802.8 1080
700 3.859 9s9365 5e4750 3190o0 1260
800 4s185 12s324 6.3348 3543 1440
9.00 4.458 14.776 7.2197 3871 1620
Irnr 4.692 17.289 8.1281 4180 1800

1100 4.896 19.854 9.0585 4472 1980
1200 5.077 22o470 10.008 4747 2160
1300 5&240 25.135 10s978 5016 2340
1400 5.387 27s843 11.965 5272 2520
1500 5s523 30s595 12.971 5522 2700

1600 5.649 "33.388 13.995 5761 2880
1700 5*768 36s227 15o038 5997 3060
1800 5s879 39.114 16.100 6224 3240
1900 5e986 42s041 17s181 6447 3420
2000 6.088 45o036 18.283 6667 3600

2100 6&187 48s062 19.406 6883 3780
2200 6o282 51s135 20@543 7090 3960
2300 6s376 54o264 21.713 7300 4140
2400 6.467 57.460 22.902 7507 4320
2500 6.558 60.706 24.119 7710 4500

2600 6.648 64s029 25.363 7910 4680
2700 6s738 67s426 26.641 8110 4860
2800 6s828 70s916 27.951 8314 5040
2900 60920 74.486 29.303 8514 5220
3C00 7s014 78.165 30.698 8711 5400

3100 7s109 81.963 32.142 8917 5580
3200 7s206 85&884 33.636 9117 5760
3900 7@306 89@943 35.188 9324 5940
3400 7.409 94.161 36s804 9531 6120
3500 7.514 98.506 38.484 9744 6300

3600 7.621 103.07 40s231 9954 6480
3700 7.730 107.78 42.053 10174 6660
3800 7.841 112.68 43.945 10390 6840
3900 7.953 117.77 45.910 10617 7020
4000 8e067 123.06 47.959 10843 7200

4100 8s181 128.55 50.076 11066 7380
4200 8.295 134.22 52.273 11302 7560
4300 8.407 140.08 54.539 11539 7740
4400 8e519 146.14 56.o76 11778 7920
4500 8.629 152.39 594285 12018 8100

4600 8.737 158o82 61.767 12257 8280
4700 8s844 165.38 64.307 12503 8460
4800 8s947 172.13 66.919 12749 8640
4900 9s050 179.03 69.599 12992 8820
5000 9.151 186.17 72.364 13245 9000

Table 1510.15 SHOCK FRONT CONDITIONS for dry air (Continued)



NAVORD REPORT 1488 (Volume 5) HANDBOOK OF SUPERSONIC AERODYNAMICS
1510.15-3 Properties of Gases 1 August 1953

Pl!Po = 0.008 T1 = 175 0K

T P2,1 P2  U2  u1  T

(atm) (ft-bF\ F ft R)

\:Slug ) \.sec)

500 4e015 o05882 3*8378 2746.1 900
1000 5o279 s15470 8.1394 4413 lb0o
1500 5.940 *26111 12.986 5351 27C-
2000 6*435 .37727 18.344 6814 36C8
2500 7e019 &51669 24.910 7933 4500
3000 8.082 o73106 35.339 9344

pl/p° = 0.008 T1 = 500 0K

T
TOK P/l P2  U 2  U 1  T

(0 )(atm) (ft-lbF) f~ (OR)

500 1.000 e01465 3.8378 1463.3 900
1000 3o428 .10045 8.1394 3573 1800
1500 4.683 .20585 12.986 5062 2700
2000 5o487 .32170 18.349 6293 3600
2500 6.271 s46176 24.964 7490 4500
3000 7s494 .67858 35.532 8989 5400

pl/Po = 0.04 T1 = 175 0K

T P2/p1 P2 U2  U1  T
( 0 )(atm) (ft-lbF t(ft) (OR)

rslug ) 7 e

500 4.015 929417 3.8375 2746.4 9001000 5s278 .77350 8,1389 4413 1800
1500 5.939 1.3057 12s985 5696 2700
2000 6o426 1.8840 18.317 6811 3600
2500 6s912 2.5383 24.442 7871 4500
3000 7.612 303934 32.642 9042 5400

pl/po = 0.04 T 1 = 5000K

T) p2/p1 P2 U2 uI T

500 1.000 .07326 3.8377 1463.3 900
1000 3.428 &5024 8.1394 3573 1800
1500 4.682 1.0292 12.985 5062 2700
2000 5o477 1.6057 18.318 6286 3600
2500 6.157 2.2612 24.468 7421 4500
3000 7.003 3.1238 32.752 8665 5400

Table 1510.15 SHOCK FRONT CONDITIONS for dry air (Continued)



1 August 1953 Shock Front Conditions 1510.15-4

UPl/o = 0.2 T1 = 175 0K

T P2/1 P2 U2 uI T

(atm) (ft-lbF"ý (T'L-t
ýslI ug ) sc

500 4.013 1,4707 3.8364 2746.4 900
1000 5.274 3.8685 8.1376 4413 1800
1500 5o932 6.5295 12o983 5699 2700
2000 6s414 9o4165 18o304 6814 3600
2500 6o854 12e592 24.228 7844 4500
3000 7.366 16.300 31.318 8891 5400

P1/Po = 0.2 T, = 5000 K

T P2/1 P2 U2  u1  T(OK) (arm) ((ft -b I s--) ft (OR)

slug)

500 1.000 .36636 3.8374 1463.6 900
1000 3.426 1.512 8.1385 3573 1800
1500 4o677 .1463 12.984 5062 2700
2000 5.467 8.0237 18.305 6286 3600
2500 6.097 11.199 24.241 7392 4500
3000 6.745 14.954 31.374 8497 5400

Pl.o = 1.0 T = 175 0K

T P2/1 P2 U2 u1 T
(OK) (atm) (ft-lbF\ (ft- (R)

v slug _) .

500 4e004 7.3510 3.8309 2747.0 900
1000 5.249 19.350 8.1295 4416 1800
1500 5.897 32.672 12.975 5702 2700
2000 6.369 47.109 18.287 6818 3600
2500 6.782 62.794 24.123 7841 4500
3000 7.197 80.229 30.688 8829 5400

S= 1.0 T = 500 0K

T Pp P U u T
P2/1 P2 2 1OR

500 1.000 1.8327 3.8374 1464.9 900
1000 3.417 12.57 8.1349 3579 1800
1500 49656 25o751 12.978 5069 2700
2000 5.434 40.138 18.291 6293 3600
2500 6.034 55.804 24.130 7388 4500
3000 6.579 73.281 30.716 8428 5400

Table 1510.15 SHOCK FRONT CONDITIONS for dry air (Concluded)



NAVORD REPORT 1488 (Volume 5) HANDBOOK OF SUPERSONIC AERODYNAMICS
1510.15-5 Properties of Gases 1 August 1953

S= 0.008 T, = 273.2°K

T p 2 /pl P2  u1 T
(0K) (atm) (ft-lbF (I ft (*R)

k glu ) -sec)

273.2 1.000 .0080059 1.6225 1092.2 491.7
300 1.260 001108 1.8302 1253.6 540
400 2e219 .02601 2.6101 1860.2 720
500 2.940 .04309 3.4031 2369.1 900

600 3.468 .06098 4s2164 2803.8 1080
700 3.877 .07953 5.0539 319103 1260
800 4.207 .09863 5.9168 3543 1440
900 4.484 .1183 6.8058 3871 1620

1000 4.721 e1383 7.7178 4180 1800

1100 4.929 .1589 8.6514 4472 1980
1200 5.113 .1798 9.6044 4751 2160
1300 5.279 .2011 10.579 5016 2340 0
1400 5.430 .2228 11.571 5272 2520
1500 5.570 .2449 12.583 5522 2700

1600 5.699 e2672 13.613 5764 2880
1700 5.822 .2901 14.668 5997 3060
1800 5.940 .3134 15.743 6227 3240
1900 6.055 .3373 16.851 6457 3420
2000 6.171 .3619 17.995 6676 3600

2100 6.288 .3873 19.186 6903 3780
2200 6.412 .4140 20.440 7129 3960
2300 6.545 .4423 21.776 7359 4140
2400 6.692 .4724 23e214 7595 4320
2500 6.857 .5053 24.788 7844 4500

2600 7.043 .5414 26.525 8100 4680
2700 7.252 e5812 28.456 8379 4860
2800 7.485 .6252 30s606 8675 5040
2900 7.743 .6741 33.005 8986 5220
3000 8.022 .7281 35.663 9321 5400

3100 8.318 .7871 38.578 9672 5580
3200 8.624 .8512 41.750 10036 5760
3300 8.936 .9200 45.167 10417 5940
3400 9.247 .9932 48.801 10801 6120
3500 0.549 1.070 52.602 11194 6300

3600 9.837 1.150 56.543 11585 6480
3700 10.11 1.231 60.582 11975 6660
3800 10.36 1.314 4.676 12359 6840
3900 10.59 1.396 o8@797 12723 7020
4000 10.80 1.480 72.972 13091 7200

4100 11.00 1.566 77.183 13455 7380
4200 11.19 1.652 81.502 13806 7560
4300 11.37 1.741 85.933 14163 7740
4400 11.56 1.836 90.585 14541 7920
4500 11.75 1.933 95.508 14908 8100

4600 11.96 2.040 100.73 15305 8280
4700 12.16 2.151 106.29 15686 8460
4800 12.38 2.270 112.23 16122 8640
4900 12.6C 2.397 118.61 16555 8820
500C 12.83 2.534 125.39 17018 9000 0

Table 1510.15 SHOCK FRONT CONDITIONS for air with 0.5 mole %- moisture content



1 August 1953 Shock Front Conditions 1510.15-6

S= 1.0 T, = 273.2*K

T p2/pI P2 U2 u1 T
(OK) (At.) (ftb) (OR)

273.2 1.000 1.0001 1.6199 1092.2 491.7
300 1.261 19385 1.8288 1253.6 540
400 2.220 3.254 2.6081 1861.9 720
500 2.935 5.385 3.3995 2370.? 900

600 3.460 7.625 4.2115 2806.8 1080
700 3.863 9.943 5.0476 3192.9 1260
800 4.190 12.33 5.9101 3547 1440
900 4.463 14.79 6.7977 3878 1620

1000 4.697 17.30 7#7093 4183 1800

1100 4.901 19.87 8.6424 4475 1980
1200 5.083 22.49 9.5963 4754 2160
1300 5.246 25.16 10.570 5023 2340
.1400 5*394 27*87 11,561 5282 2520
1500 5s531 30.62 12s571 5528 2700

1600 53658 33243 131600 5771 2880

1700 5*777 36*27 14s648 6004 3060
1800 5.890 39.17 15.717 6230 3240
1900 5s997 42.11 16.805 6457 3420
2000 6.101 45.11 17.916 6676 3600

2100 6.201 48.15 19.047 6890 3780
2200 6.299 51.26 20.202 7106 3960
2300 6.395 54.42 21.3083 7313 4140
2400 6.489 57.65 22.590 7523 4320
2500 6.584 60.95 23.829 7730 4500

2600 6.678 64.34 25.098 7933 4680
2700 6.772 67.79 26.403 8136 4860
Z800 6.867 71.34 270744 8343 5040
2900 6.963 75.00 29.132 8547 5220
3000 7.061 78.77 30.563 8750 5400

3100 7.161 82.67 32.046 8957 5580
3200 7.262 86.68 33.581 9163 5760
3300 7.367 90.86 35.175 9373 5940
3400 7.473 95.19 36o332 9563 6120
3500 7.581 99.65 38s549 9797 6300

3600 7.690 104.3 40.337 i0010 6480
3700 7.802 109.1 42.196 10236 6660
3800 7.914 114.0 44.123 10456 6640
3900 8.028 119.3 46.126 10686 7020
4000 8.141 124.7 48.207 10915 7200

4100 8.256 130.2 50.355 11145 73a0
4200 8.369 135.9 52.530 11378 7560
4300 8.482 141.9 54.o.76 11624 7740
4400 8.586 147.8 57.196 11850 7920
4500 8.702 154.2 59.686 12093 3100

4600 8.810 160.6 62.195 12333 5280
4700 8.915 167.3 64.762 12605 8460
4800 9.018 171,I 67.410 12826 e640
4900 9.119 181.0 70.117 130'1 3620
5000 9.218 188.2 72.913 13323 90-10

0 Table 1510.15 SHOCK FRONT CONDITIONS for air with 0.5 mole % moisture content
(Concluded)



NAVORD REPORT 1488 (Volume 5) HANDBOOK OF SUPERSONIC AERODYNAMICS
1510.15-7 Properties of Gases 1 August 1953

S= 0.008 TI = 273.2 0 K

T P2  U2  U1  T

(K) (atm) tbF ftR)

'Jug ) \ sec

273.2 1,053 i. i ý23 1335 491.7
3)0 1,263 ,6113 6 i .•; -54
40'0 2o223 ,02602 6o1726 1:62.5 723
500 2,942 ,.4311 2,3561 2372.: _C0

6C 3o471 ,06103 3,7 '2• 2257,7 10oQ
3*381 ,01962 4.62+7 31)542 12o0

Q 4o212 03)870 5a40 21 5535 P+"C
94 4o482 .1162 693726 3875 ±623

1000 4.727 e1335 742;b5 'i16 100

1100 40936 ,1591 8@2357 447i 1960
1200 56120 ,1501 3.19X9 0 477 2160
1300 5,286 ,2J14 10C165 5C23 234C
1400 5o437 e2231 110164 31-12 2%o
1500 5.577 ,2452 12.iO2 5531 4700

1600 5e708 o2677 15e.Il 5771 2660
1700 5.832 .2336 14e279 6C07 3060
1800 5.951 e3140 15.361 6240 5240
19GC 6,367 .3380 16e47,- 6467 5423
2000 6s164 .3627 17.631 6(93 3600

2100 6o3C4 o.384 1ibo35 6C.19 -T7,o3
2200 6o431 &4153 i3.'106 7142 3960
2300 6.569 o4440 21e461, 7379 4140
2400 6.721 .4747 22.932 7618 4320
2500 6,892 .5082 24.543 7371 4500

2600 7.086 .5451 26,326 8133 4680
2700 7.303 *5858 28.312 8419 4d60
2800 7.546 .6311 30.529 8720 5040
2900 7.814 .6614 33.003 9042 5220
3000 8.133 .7369 35o743 9383 5400

3100 8.407 .7976 38.745 9738 5580
3200 80720 .8631 429003 10112 5760
3300 9.037 ,9335 45.500 10492 5940
3400 9o353 l,008 49.220 10886 6120
3500 9.656 1.086 53.097 11283 6300

3600 9,945 1.167 57.110 11676 6460
3700 10.22 1.249 61.222 12064 6660
3800 10.47 1.334 65.392 12457 6840
3900 10.69 1.417 69.576 12825 7020
4000 10.90 1.502 73.819 13192 7200

4100 11,10 1.58'9 78.083 13560 7380
4200 11.29 1.678 32.452 13924 7560
4300 11.47 1.767 86.947 14281 7740
4400 11.65 1.861 91.621 14646 7920
4500 11.84 1.960 96.566 15020 8100

4600 12.04 2.066 101.81 15417 8280
4700 12.24 2e176 107.39 15807 8460
4800 12.45 2.296 113.36 16224 8640
4900 12.67 2.425 119.74 16667 8820
5000 12.89 2.559 126.54 17106 9000

Table 1510.15 SHOCK FRONT CONDITIONS for air with 1.0 mole ., moisture content



1 August 1953 Shock Front Conditions 1510.15-8

pl/po = 1.0 T = 273.2 0 K

T P P2  U2  U1  T
(OK) (atm) (±t-lbF) (!t(OR

273.2 1.000 1.0001 1.1794 1393.2 491.7
300 1.262 1.386 1,38c9 1254.6 540
400 2.222 3.257 2.1708 1304.2 720
500 2.938 5.389 2.9646 2373.7 90C

600 3.463 7.633 307792 2810.0 1080
700 3a867 9s952 4e6175 3198.2 126C
800 4s194 12.34 594627 3550 1440
900 4o468 14.80 6.3753 3o 7 6 1620

1000 4.702 17.32 7&2882 4190 1800

1100 4.908 19.90 8o2249 4482 1980
1200 5.089 22.52 9e1828 4764 2160
1300 5o254 25.19 10.161 5030 2340
1400 5s402 27.90 11154 5269 2520
1500 5#539 30.67 12.170 5538 2700

1600 5.666 33.47 13.204 5778 2880
1700 5.786 36.33 14.257 6014 3060
1800 5s899 39.23 15s329 6243 3240
1900 6.0Q7 42.18 166422 6470 3420
2000 6.112 45.19 17.540 6690 3620

2100 6.213 48.25 18.679 6906 3780
2200 6.312 51.36 19*854 7116 3950
2300 6.409 54.54 21.032 7329 4140
24C0 6@505 57.79 22e251 7539 4320
2500 6&601 61.12 23.503 7746 4500

2600 6o697 64.52 24*766 7953 4680
2700 6.794 c8.02 26o107 8159 4860
2800 6.891 71.61 27.467 8363 5040
2900 6s991 75.32 28.874 8570 5220
3000 7.091 79.14 30.332 5776 5400

3100 7@194 83.09 31e842 3933 5530
3200 7.299 87.17 33.405 9196 5760
3300 7s406 91.41 35.030 9406 5940
3400 7.516 95.81 360723 9619 6120
3500 7o628 100.4 38.479 9842 6300

3600 7o740 105.1 40.303 10059 64bO
3700 7o855 110.0 42.204 10282 6660
3800 7o970 115.1 44.173 10509 6640
3900 8.086 120&4 46.216 10738 7D20
4000 8.202 125.8 45.337 10971 720-

4100 8e318 131.4 50.526 11207 7360
4200 8o432 137.2 52.791 11440 756C
4300 8o546 143.3 55@12: 11663 7740
4400 6.657 149.4 57.534 11910 7j.
4500 80768 155.7 60.015 12162 L103

4600 8.875 162.3 62.555 1240' a21ý

4700 80981 169.0 65.167 12651 6460
4800 9.084 175.9 67.642 1290C 664:
4900 9.184 182.9 70@589 13143 86Z,
5no 9.283 19rY.2 73@422 133 C 0C0

Table 1510.15 SHOCK FRONT CONDITIONS for air with 1.0 mole % moisture content
(Concluded)



NAVORD REPORT 1488 (Volume 5) HANDBOOK OF SUPERSONIC AERODYNAMICS
1510.15-9 Properties of Gases 1 August 1953

p1 /P0 = 0.008 T1 = 273.2 0 K

T P2/P1  P 2  U2  U1  T
(K) (atm) ft:~F \~~

273,2 1.000 @008007 -2s4026 1098.4 491.7
300 1.263 .01110 -2e1889 1262.5 540
400 2o234 .02620 -103872 1880.6 720
100 2.963 e04341 - .5718 2396.0 900

60'J 3.498 @06150 *2653 2836.6 1080
700 3.913 e08029 1.1295 32i9.7 1260
800 4.244 .09952 2.0141 3586 1440
900 4.532 e1195 2o9404 3921 1620

1000 4.771 &1398 3o8772 4232 1800

1100 4o982 e1606 4.8405 4531 1980
120C 59171 .1819 5o8290 4813 2160
1300 5.342 *2C36 6.8387 5085 2340
1400 5e495 .2255 7o8628 5344 2520
1500 5o638 .2479 8.9104 5597 2700

1600 50773 .2708 9.9831 5846 2880
1700 5.904 e2942 11.087 6086 3060
1800 6e029 s3181 12.218 6322 3240
1900 6e152 .3427 13.383 6552 3420
2000 6s280 *3684 14e606 6785 3600

2100 6.411 e3951 15.884 7021 3780
2200 6.553 .4235 17o251 7257 3960
2300 6.710 .4540 18o725 7503 4140
2400 6.886 o4871 20.344 7759 4320
2500 7s087 s5237 22e143 8031 4500

2600 7.314 .5644 24e156 8320 4680
2700 7o574 a610u 2u*433 8635 4860
2800 7.865 .6616 29.006 8970 5040
2900 06188 e7195 31.917 9331 5220
3000 8.534 a7837 35.163 9718 5400

3100 8.898 .8546 38.747 10125 5580
3200 9.27C .9317 42.657 10545 5760
3300 9.644 1.015 46.864 10991 5940
3400 10.01 1.103 51.323 11437 6120
3500 10.35 1.194 55.957 11880 6300

3600 10.67 1.288 60.731 12320 6480
3700 10.97 1384 65o590 1-753 6660
3800 11e23 1.480 70.468 13176 6840
3900 11.46 1.576 75o336 13589 7020
4000 11.67 1.673 80.16? 13993 7200

4100 11.86 10769 65.010 14377 7380
4200 12.03 1.865 89.8d7 14757 7560
4300 12.19 1.06.2 949796 15121 7740
4400 12.35 2.063 99.836 15499 7920
4500 12.55 2.174 ±05.51 15905 8100

4600 12.66 2s>74 10,s5 16263 8280
4700 12.83 20388 116352 16657 8460
4800 13.00 2.510 122.43 1-364 8640
4900 13.17 2.636 128.93 17477 8820
5000 13.35 2&771 135.83 17917 9000

TTable 1510.15 SHOCK FRONT CONDITIONS for air with 5.0 mole % moisture content



1 August 1953 Shock Front Conditions 1510.15-10

Pl/p 0 = 1.0 TI = 273.2 0 K

T p2/Pl P2  U2  U1  T
(o)(atm) ift-u 1b ( ft (R

273o2 1.000 1.0001 -2.4055 1099.4 491,7
300 1.264 1.389 -2.1909 1265.1 540
400 2@236 3.278 -1.3887 1882.2 720
500 2.960 5.431 - .5752 239b.3 900

600 3e490 7e690 .2604 2839,2 1080
720 3.397 10.03 1.1168 3231.0 i260
820 4.231 12.45 2.0109 3593 1440
900 4.507 14@93 2o9249 3921 1620

1000 4.747 17.48 3.8668 4236 1800

1100 4.957 20.0S 4.8337 4534 1980
1200 5.143 22o75 5.8196 4816 2160
1300 5.308 25.45 6.8230 5089 2340
1400 5,459 28.19 7.8484 5348 2520
1500 5.602 31.02 8.9005 5604 2700

16-00 5e734 33.87 9.9705 5850 2880
1700 5.0> 36.77 11.060 6089 3060
1800 5.973 3r,.71 12.167 6322 3240
1900 6.086 42*13 13.305 6552 3420
200C 6.194 5.- 14.463 6775 3600

2100 6.301 48.93 15.652 6998 3780
2200 6*4Q5 52,12 1--866 7218 3960
2380 6b51o 55.4. i.ý121 7431 4140
2400 6.613 56070 19.402 7648 4320
2500 6.717 62.21 20.725 7864 4500

2600 6.822 65.76 220089 8077 4660
2700 60.-A 69.42 23.502 8291 4160
2800 7.038 73.21 24.966 8507 5040
2900 7.150 77.14 26.488 8724 5220
3000 7.264 81.21 28.073 8944 5400

3100 7.382 85.44 29.725 9163 5580
3200 7.5ý2 89.84 31.446 9386 5760
3300 7.627 94.44 33.249 9616 5940
3400 7.754 99.24 35.132 9846 6120
3500 7@883 104.2 37.096 10079 6300

3600 8.014 109.4 39.145 10322 6480
37CC 8.148 114.9 41o288 10564 6660
3800 8.280 120.5 43.516 10807 6840
39C0 8.415 126.4 45.842 11063 7020
4000 8.549 132.5 48.252 11312 7200

4100 8.679 138.7 507358 11568 7360
4200 8.810 145.2 53.323 11824 7560
4300 8.937 151.9 55@960 12087 7740
4400 9.062 158.8 58.722 12346 7920
4500 9.184 165.9 61.546 12612 8100

4600 9.300 173.2 64.424 12874 8280
4700 9.413 180.6 67.383 13143 8460
4800 9.521 188.2 70.405 13409 8640
4900 9.626 195.9 73a494 13675 8820
5000 9.727 204.0 76.669 13950 9000

Table 1510.15 SHOCK FRONT CONDITIONS for air with 5.0 mole % moisture content
(Concluded)
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